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FOREWORD TO THE REPRINT EDITION

From the very beginning man's survival and well-being has depended on his resourceful

utilization of the mineral kingdom. The Stone, Iron, Bronze, Steel, and Atomic Ages
have all been built upon a base of mineral technology, from the extremely simple to the

very sophisticated. It is also evident that for a very long time man has used minerals for

ornamental, religious, and magical purposes. At least one Stone Age site in Europe has

revealed the burial of a man accompanied by an assortment of pretty pebbles and mineralized

fossils. Among the Stone Age aborigines of North America the Mound Builders of the

Ohio Valley are known to have used obsidian and sheets of mica at least partly for ritual

purposes. How important such materials were to them may be judged by the fact that

the nearest occurrence of mica was over 200 miles away and the nearest occurrence of

obsidian over 1500 miles away in the region of the Yellowstone River !

The past several centuries have seen the rise of Western industrial society and with

it an educated and affluent middle class. This has created in turn an increased demand
for some of the luxuries once enjoyed only by the wealthy or high-born. Precious stones

have been among the first such luxuries sought. As a result the gem and jewelry industry

today commands an impressive share of the total value of the world mineral market.

With increased interest in precious stones has grown a demand for information con-

cerning them and this has been met over the past century by a number of nontechnical

books. Few of these books, however, have been entirely successful. In attempts to avoid

being too technical some are rambling, poorly organized, and even misleading. There are,

however, several notable exceptions. One of them is this book, Precious Stones, by Professor

Max Bauer.

Dr. Bauer was a distinguished German mineralogist whose career spanned the turn

of the century (1844-1917). For thirty years he was head of the Mineralogical Institute

of the University of Marburg. In his many undertakings he epitomized the thoroughness

we have come to associate with the German scholar. In his lifetime he published a

large number of technical papers and two books, one of them this book on precious

stones.

The original German edition, titled Edelsteinkunde, was published in 1896. Thirteen

years later in 1909 a second German edition appeared, and in 1932 Dr. Karl Schlossmacher,

who had studied under Professor Bauer, published a third German edition which was

completely revised and largely rewritten by him. Between the first two editions the book

enjoyed considerable popularity and in 1904 L. J. Spencer of the British Museum (Natural

History) published this English translation of the first German edition with some minor

additions and corrections.

Most of the information in this book is as up-to-date today as it was sixty years ago.

The latter half of the nineteenth century saw minerals finally classified into a logical and

workable system which is still used today—the chemical classification. Thus Bauer was

able to group together gem minerals which are related chemically to each other and hence
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share similar physical properties pertinent to their uses as gems. The book is divided into

four main sections, of which the first two comprise the major portion of the text. The
first section deals with the general characteristics of gem minerals. The only major addition

that might be made to this section today would be a discussion of the vast amount of

information which has been accumulated over the past fifty years on the arrangements of

atoms within crystals and the direct relationship between the geometry of the many atomic

arrays and the external physical properties of minerals. Secondly the present decade has

seen the synthesis of precious stones on a scale which makes them competitive with, and

virtually indistinguishable from, natural stones.

The second section is a systematic descriptive treatment of precious minerals. In

contrast to the majority of books on gems this section is not merely a dry recitation of

physical properties and occurrences. Into many of the gem descriptions are woven bits of

history, lore, and memorabilia associated with them. For example, in the section on diamonds

one encounters such varied items as details of the infamous Arizona diamond swindle of

1870, a discussion of early attempts to make synthetic diamonds, and the quaint ancient

test for telling real diamonds from imitations using a hammer, an anvil, and warm goafs

blood, the goat having preferably dined on parsley prior to being bled ! Furthermore,

gem occurrences as they are described in this section do not consist merely of lists of geo-

graphical localities, as is common with many other books. Information is also provided

on how the gems occur, in what rock types, in what abundance, and how they are mined.

All minerals cannot, of course, be treated with equal weight and some of the less common
and little used minerals are passed over in a paragraph or two. There is usually little

more to say about them.

All this is not to say that the age of this book does not appear here and there. On
page 254 the Excelsior diamond (over 971 carats) is cited as the largest diamond known.

Just one year after this book was originally published the Cullinan diamond (3106 carats)

was found. Similarly gem-cutting procedures may differ somewhat today because of the

introduction of inexpensive synthetic abrasives during the past forty years. Thus his

list of recommended abrasives on the bottom of page 83 is of less utility to the present-

day gem cutter. Occasionally also Bauer uses a mineral name which is no longer commonly

used, and although the chemical compositions of most minerals were accurately known at

the time, a few of the compositions given by Bauer have been found to be incorrect. Also

during the past sixty years new highly productive gem localities have been discovered and

developed.

In going over the book there seemed to be a small enough number of such amend-

ments and corrections that the preparation of a short section of addenda appeared to be

feasible. In preparing this the intention was to make only a minimum number of necessary

comments designed to make the book more useful to the present-day reader.

In addition to what has been said already it should be noted that Precious Stones

contains information which is relatively unique in a book of this kind. Professor Bauer

has included discussions of a number of topics which are usually only briefly mentioned or

left entirely unnoticed in many older and most present-day books on this subject. For

example, he discusses in some detail common fraudulent practices in the gem business, the

artificial coloring of stones, the making of doublets, the use of glass imitations, and the

clever concealment of imperfections in poor quality stones. Such practices are rampant

even today. He discusses common flaws in gems and how to detect them. Most unique

of all he treats with the many concrete and intrinsic factors that enter into the evaluation

of gems. Although he quotes values which have little bearing on today's marketplace the

factors contributing to gem evaluation are the same today as they were at the turn of the
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century. Professor Chester Slawson in writing the section on gems for the Encyclopaedia
Britannica has called this book " the most detailed work on gems."

Today in the Americas and Western Europe, in addition to the many gem and jewelry
professionals there is an ever-growing number of amateur mineral collectors and hobbyists
whose interests range from assembling collections of attractive minerals and rocks to the
faceting of gems to standards of extraordinary perfection. It was for these admirers and
students of precious stones that Max Bauer wrote this book.

EDWARD OLSEN.

ADDENDA (1968)

p. 7, line 16. The method of x-raying minerals was subsequently discovered in 1917. It is now
known that the different geometrical arrangements of carbon atoms in diamond and graphite

create the differences in hardness and color which distinguish them.

p. 35, line 30. The x-ray method mentioned here is not the same as X-Ray Diffraction, which is

used to determine the atomic structures of crystals (cf. above note for p. 7, line 16).

p. 44, line 32. Rutile (q.v.) has a dispersive power over six times greater than that of diamond.

Today synthetic rutile is commonly faceted into gemstones under the commercial name of
" titania."

p. 63, lines 47-48
; p. 64, lines 1-4. The small plates referred to here are now known to be finely

alternating crystal twins. The labradorescence is due to light interference along the plate-

like twin-crystal boundaries.

p. 67, line 44. An electric current can also be produced in a crystal by the application of pressure.

This is called piezoelectricity,

p. 92, line 38. Streaks of " silk " are also called " veils."

pp. 93-94. Artificial Production. During the last twenty years the production of large artificial

gemstones has made immense strides. Synthetic ruby, sapphire, star sapphire, emerald,

spinel, rutile, and other stones are produced in large quantities, and provide high-quality

and relatively inexpensive materials for the amateur, professional, and commercial gem cutter.

p. 103, bottom half of page. In 1913 the metric carat, equal to 200 milligrams, was adopted in the

United States ; in 1932 it became the international standard definition of the carat,

p. 126, line 9- The largest Brazilian diamond ever discovered was found in 1938. It weighed

1-26.6 metric carats and was called the " Presidente Vargas." It was subsequently cut into

29 separate stones, the largest of which is 48.26 carats.

p. 127, line 5. In 1905 the largest diamond discovered to date, the " Cullinan," was found at the

Premier Mine, Transvaal, South Africa. It weighed 3106 carats in the rough.

p. 132, line 4. See note for p. 44, line 32.

p. 154, line }. Dr. Bauer's prediction has been fully realized. Today India's annual diamond

production accounts for less than 0.005% of the world total. Also see note below for p. 179,

line 4L
p. 159, line 17. See note above for p. 126, line 9-

p. 179, line 42. At the present time Brazilian annual diamond production has become almost

negligible, comprising a little less than 1% of the world total.

p. 179, line 44. Over the past fifty years the Congo Republic (former Belgian Congo) has gradually

become the major world source of diamonds ; at present it accounts for about 65% of total

annual African production and almost 56% of world annual production. South Africa is
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second, with 18% of African annual production and 12% of world annual production. The
Congo diamonds are, however, chiefly industrial grade stones of smaller sizes. South Africa

is still the major producer of stones of gem quality. Other large producers in Africa are

Ghana, Southwest Africa, Sierra Leone, and Angola.

p. 231, line 34. At the present time the U.S.S.R. produces about 8% of the annual world output

of diamonds. Most of its mines are not in the Urals, however, but in new producing districts

in Siberia.

p. 233, line 14. There is, at present, a considerable body of evidence indicating that the diamonds

found in meteorites were created upon impact with the earth. The tremendous force of

the shock is sufficient to convert some small portion of the original graphite, which is very

common in meteorites, into minute diamond grains. This point is still in dispute, however,

and there are those who argue that the diamonds formed within the meteorites long ago

when they were parts of their original planets in space.

pp. 233-238. In more recent years attempts by others to verify the " successful " experiments of

Moissan and Friedländer have been completely unsuccessful. As a result their original experi-

mental results have been seriously questioned.

In 1955 the first known successful synthesis of diamond was achieved in the research

laboratories of the General Electric Company at Schenectady, New York. The process

requires both high temperature (over 5000°F.) and extremely high pressure (1.5 million lbs.

per square inch). These diamonds are all of industrial grade and quite small. It is estimated

that such synthetic diamonds comprise between 1% and 2% of the total annual world output

of all diamonds.

p. 249, line 14. A line as a unit of linear measure (sometimes spelled ligne) is equal to 2.26 milli-

meters, or about 0.09 inches.

p. 252, line 23. See note above for p. 126, line 9-

p. 254, line 15. See note above for p. 127, line 5.

p. 266, line 7. It is now known that even those stones which do lose their coloration on heating

are not colored by organic compounds.

p. 281, line 23. Synthetic rubies (and sapphires) are presently produced in sizes up to 200 carats

by the somewhat more complicated Verneuil process. These stones are competitive with

natural stones in price but are not as highly prized.

p. 296, line 15. Spinel, hardness 7.5-8, is actually slightly softer than topaz.

p- 299, line 38. Synthetic gem spinels have been produced since the early 1930's. They are avail-

able in a wide variety of colors at very modest prices.

p. 305, line 48. Synthetic chrysoberyl (alexandrite) has never been produced commercially ; there

are, however, synthetic spinel and corundum which show, to some degree, a daylight-artificial

light color change similar to that of alexandrite. These synthetics are quite inexpensive,

whereas genuine faceted alexandrite is very costly.

p. 318, line 32. Today emeralds are produced synthetically by at least two processes and are

marketed as gemstones.

p. 324, line 13. In addition, absolutely colorless beryl, known as goskenite, is sometimes faceted for

gem use. Pale pink to pale peach-colored beryl is known as morganite. It is commonly milky

and only rarely transparent enough to warrant faceting.

p. 346. Today six basic species of garnet are recognized :

1. Pyrope

2. Almandite

3. Spessartite

4. Uvarovite

5. Andradite

6. Grossular

Mg3Al2
(Si04)3 .

Fe3Al2(Si04)3 .

Mn3Al2(Si04)3 .

Ca3Cr2(Si04)3 .

CaaFe^SiOJg.

Ca3Al2(Si04)3 .

Gem species are now all considered subvarieties of these basic garnets. Hessonite (some-

times misspelled " essonite ") and rosolite are varieties of grossular. Rhodolite is a variety

of pyrope. Topazolite, demantoid, melanite, and schorlomite are varieties of andradite.
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p. 364, line 31. Three quite complex generalized species are in use today in descriptions of the

chemistry of the tourmalines : dravite, schorl, and elbaite.

p. 374, line 19- Some opal, when kept out in the air over a period of years, as when it is set and

worn in jewelry, may gradually lose much of its water content by slow evaporation. The
resulting shrinkage in volume causes severe criss-crossed cracking, sometimes called checking,

which can ultimately cause the stone to fall apart. This can be retarded by coating the

surface with a little mineral oil periodically, or by storing it, when not in use, in water.

p. 374, line 25. In addition some occurrences of opal consist of opalized fossil bones of extinct

reptiles and mammals.

p. 382, line 27. A more recent United States occurrence of opal is at Virgin Valley, Nevada. Stones

from there have a very pronounced tendency to crack unless kept under water.

p. 384, line 4. In 1903 the now famous Australian opal locality of Lightning Ridge, New South

Wales, was discovered. In 1915 precious opal was discovered at Coober Pedy in the Stuarts

Range of South Australia, and in 1930 large opal deposits were found at Andamooka, South

Australia.

p. 389, line 2. The term calaite is no longer used. The mineralogical name is now turquois (spelled

turquoise in England).

p. 389, line 5. Crystals of turquois were found near Lynch, Virginia, in 1912.

p. 389, line 9- The formula given here is incorrect. The correct formula is Cu0.3Al
2 3

.2P
2 5

.9H
2
0.

In terms of weight percentages this is :

Per cent

CuO 14.58

A12 3 56.08

P2 5 26.03

H 2
3.31

100.00

p. 389, Analysis Table. The chemical analysis given here reports too little copper (CuO). The

specimen of turquois must have been contaminated by other minerals.

p. 389, line 21. Penfield's formula is incorrect (cf. above note for p. 389, line 9).

p. 402, line 10. " Blue iron-earth," Fe
3
(P04)2.8H20, is now known as vivianite.

p. 403, line 7. Lazulite is now known to be a hydrated iron aluminum phosphate with the formula

FeO.Al
2 3

.P
2 5

.H
2
0.

p. 408, line 10 The formula for cordierite is now known to be 2Mg0.2Al
2 3

.5Si02
with no con-

stituent water at all.

p. 410, line 20. The formula for idocrase is now known to be 10CaO.2MgO.2Al2O3
.9SiO

2
.2H2O.

p. 412, line 33. The formula for axinite is now known to be 4Ca0.2FeO.B2 3
.2Al

2 3
.8Si02

.H20.

p. 415, line 8. Staurolite is now known to be a hydrated silicate of iron and aluminum,

Fe0.2Al
2 3

.2Si0
2
.H

2
0.

p. 422, line 4. Chlorastrolite is now known to be a mixture of silicate minerals and not a single

mineral,

p. 423, line 13. The name calamine is no longer applied to zinc carbonate. This mineral is now

called smithsonite.

p. 426, line 3. The color of amazonstone is now known to be due to small amounts of lead in it.

p. 430, line 15. The sheen is now thought to be due to a microscopic interlamination of potash

and soda feldspars.

p. 434, line 31 . Labradorescence is now thought to be due to optical interference effects caused by

the twinning laminations referred to on p. 432.

p. 440, line 30. Natural ultramarine is now called lazurite.

p. 450, line 2. Moldavites are now grouped with tektites, which are considered by some to be

meteoritic, by others to be terrestrial rock and soil fused by impacts of very large meteorites

with the earth.

p. 453, line 1 . Bastite is now known to be a variety of serpentine. It is not a pyroxene mineral.

p. 455, line 22. In addition to the varieties of spodumene described, a lilac to rose-colored variety
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called kunzite is now fashionable as a gem. It is found principally in San Diego County,

California, and in the state of Minas Geraes, Brazil. Heat treatment of faintly colored crystals

is used to produce the desired gem color.

p. 458, line 36. The formula is now known to be 2Ca0.5Mg0.8Si0
2
.H

2
0.

p. 464, line 26. It is difficult to see how Dr. Bauer could ever have concluded that in America

jadeite is, or ever was, more common than nephrite. It is certainly just the reverse.

p. 480, line 3. The coloration of most smoky quartz is now considered due to radiation damage to

its electronic structure by slightly radioactive minerals in the rocks in which it is formed.

Some cases of coloration by organic inclusions may also occur.

p. 482, line 19- Even today no one is certain what causes the coloration in amethyst.

p. 527. The term chessylite is only rarely used now. Azurite is the official mineralogical name.

p. 531, line 4. Over the past sixty years huge fluorite deposits have been discovered and exploited

in and around Hardin County, Illinois. Magnificent crystal specimens of purple, blue, green,

white, and yellow have been found there. The fluorite is used primarily as a source of industrial

fluorine.

p. 534, line 39. See note above for p. 44, line 32.

p. 565, line 20. See note above for p. 35, line 30.



NOTE BY TRANSLATOR

Since the publication of Professor Max Bauer's " Edelsteinkünde," in 1896 (first issued in

parts during 1895 and 1896), many new facts concerning precious stones have appeared in

mineralogical literature. They relate mainly to new localities and to modes of occurrence,

but also to the chemical composition of stones, the work, in particular, of Professor S. L.

Penfield, of Newhaven, having shown that the generally accepted chemical formulae of

several minerals used as gems required revision.

References to the more important papers published since the appearance of his book
have been kindly supplied by Professor Bauer. These and many other memoirs have been

consulted, while free use has also been made of the valuable Annual Reports on precious

stones, compiled by Dr. George F. Kunz, and published in the volumes of the United

States Geological Survey.

The translation has thus been brought up to date, and several additions made to the

original, notably under Corundum (ruby and sapphire). Under Diamond a short account of

the newly discovered deposits in British Guiana has been given, but very little has been

added to the original account of the South African diamond-mines—the most important of

all gem-mines—since it was found impossible to incorporate much new matter with this

section without rewriting the whole.

Among additions to the work will also be found references to some of the more

noteworthy specimens of precious stones in the Mineral Collection of the British Museum
(Natural History).

Having these and manv other additions of minor importance to incorporate, the

translation must necessarily be a somewhat free one, and certain portions of the original

have been slightly modified or abridged in deference to the needs of English readers. In

the original scarcely enough importance is attached to the optical characters of minerals, to

their examination in convergent polarised light and to the measurement of refractive

indices, which are of the greatest practical value in the determination of faceted stones. It

was felt, however, that the addition of such matter would considerably alter the scope and

plan of the work, which it has been the aim of the translator to preserve unaltered

throughout.

The text- figures and plates have been reproduced directly from the original with such

alterations in the spelling of names on the maps as were necessary. A new figure (Fig. 51)

is given of the largest diamond yet found, the " Excelsior,'
1

a photograph for this purpose

having been kindly supplied by Dr. George F. Kunz.

I could not have undertaken the large amount of work involved in this translation had

I not been assured of the assistance of my wife, E. M. Spencer. The actual rendering

in English is hers, and she has also carefully revised the whole of the proofs; I feel,

therefore, that the work is as much hers as it is mine.

L. J. S.

December 1903.





PREFACE
The desire of the publishers to present, to the German public, a work on precious stones

similar in character to that admirably supplied in American literature by George
Frederick Kunz's " Gems and Precious Stones of North America " gave the initiative to the

writing of the present book. In this case, however, all precious stones had to be dealt with,

and an introduction to the methods employed in their determination had also to be given.

For the latter the excellent and exhaustive instructions given by C. Doelter in his
k
' Edelsteinkunde " may serve as a model. These, however, have been somewhat modified

and simplified. In particular the examination in convergent polarised light has been

dispensed with, since it is unusual for gem-merchants and jewellers to be sufficiently well

acquainted with the theory of the subject to make practical use of this method, while

information of this description would be superfluous to a trained mineralogist. It has been

considered advisable, however, to preface the systematic description of precious stones with

a general survey of the related sciences, especially those of physics and mineralogy, in so

far as they assist in the understanding of the nature of precious stones.

The reader is assumed to be neither a specialist in science nor wholly without scientific

knowledge. It has been sought to treat the subject in such a way that it may be intel-

ligible to any one possessed of a good general education. It is therefore hoped that the

book will suffice for those who take a general scientific interest in precious stones, and

that it will be specially useful to those engaged in the buying and selling of precious stones

and in their application to purposes of ornament, namely, to gem-merchants and

jewellers.

It was at first considered that pearls and coral, being not minerals but products of the

animal kingdom, could not properly find a place in this work. In deference, however, to the

wishes of the readers of the earlier parts of the book, an appendix dealing with these

important subjects has been added. In writing the section on pearls, the works of Möbius

and von Martens, among others, have been consulted, and for coral, those of Lacaze-Duthiers

and of Canestrini.

The author has taken especial pains to treat of the mode of occurrence and the localities

of each stone with as much detail as the size of the volume allowed ; and the distribution of

stones in the most important of the countries in which they are found is graphically shown

by small sketch-maps in the text. Many new facts relating to this subject have been

communicated by the author's colleagues, but even the latest mineralogical literature shows

that inaccuracies still abound. Only those who have themselves gone into this branch of

mineralogy and have realised how widely scattered are the accounts which deal with the

occurrence of precious stones, and how prevalent errors, uncertainties and mistakes are, can
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appreciate the difficulties connected with such studies. The difficulty of arriving at the

necessary facts in the preparation of the sketch-maps was particularly great, and these are

therefore less numerous than was originally intended. Many of my colleagues have helped

me in this matter by communicating their personal observations or by sending publications

bearing upon the subject ; to each of them I return sincere thanks.

The methods employed in the working of precious stones, and the purposes to which the

latter are generally applied, have been gone into in some detail, since these stand in the

closest relation to the natural characters of the stone. The general part, therefore, includes

sections dealing with the forms of cutting, the process of grinding, &c, the information

relating to each particular stone being repeated with the special description of that stone.

In the execution of the work the publishers have as far as possible carried out the

wishes of the author. The originals of the coloured plates have been painted by the artistic

hand of Herr E. Ohmann of Berlin. Most of the specimens figured are preserved in the

mineralogical collection of the Natural History Museum at Berlin. For permission to use

these, I return my most grateful thanks to the Director of the collection, Professor C. Klein,

Privy Councillor of Mines, as also to the Curator, Professor C. Tenne, for the time and

trouble he devoted to work connected with the production of the water-colours. No small

part of the success of these coloured plates must be ascribed to his active co-operation in

their production. Thanks are also due to Director A. Brezina of Vienna for permission to

reproduce the well-known picture preserved in the Mineralogical Department of the Natural

History Museum, and representing the Kimberley mine, the richest and most famous of the

Cape diamond mines, here published for the first time.

The references to the literature are few, as such references appear out of place in a

work primarily intended for general readers. To the narrower circle of mineralogists the

author would fain have given more precise and scientific information on innumerable points.

For the majority of readers it is desirable that each section should be, as far as possible,

complete and independent in itself, so that there is little or no necessity for referring to

other parts of the book. This has necessitated the repetition of many statements, but

without, it is hoped, the reiteration becoming tiresome.

The alphabetical index has been made as complete as possible, and includes many

terms not to be found in the text ; the meaning of each is given together with the page

reference.

The author has attained his object if he has succeeded in giving to gem-merchants and

jewellers, as well as to admirers of gems, a clear representation of the natural characters and

occurrence of precious stones, of the methods according to which they are worked, and of

the purposes to which they are applied. If, then, in the pages which follow, the description

of certain remarkable minerals should awaken in wider circles a more lively interest in

mineralogy as a whole, of which the subject of precious stones is but a part, the author

will be gratified, and will consider that lie is amply repaid for his trouble.

MAX BAUER.

Mineralogical Institute of the University, Maruurg,

Autumn 1896.
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INTRODUCTION

Certain minerals occurring in the earth's crust are distinguished by special beauty, and
have therefore been used since the earliest times for personal ornament and for decorative

purposes generally. The beauty of such minerals depends upon their transparency, lustre,

or colour, or in some cases upon a play of colour, due to the modification of rays of light

reflected from the surface or transmitted through the stone. This beauty is not manifested

to its fullest extent until the stone is cut and polished, when these features become more

conspicuous. In some cases, for example in the rarely occurring diamonds of a beautiful

red or blue colour, all these features are present in the same stone ; in others, as in the ruby,

the play of colour is absent, and the effect of the stone depends upon its transparency,

lustre, and colour. In a stone such as precious opal, the beauty of the mineral depends

solely upon a play of colour, which is independent of the colour of the stone itself. Opaque

minerals, like turquoise, with but little lustre, owe their beauty to their fine colour; finally,

colour may be completely absent,*and the beauty of the stone due to its transparency, lustre,

and play of colour, as in the purest colourless diamonds.

Those minerals which, through the possession of some or all of the features enumerated

above, lay claim to beauty of appearance are not all equally suitable for gems. Besides the

possession of undeniable beauty, which for its use as a gem-stone is naturally a sine qua non,

a mineral must also possess a certain degree of hardness, for otherwise a very small amount

of wear will suffice to dim its beauty. Even should it successfully resist the effect of contact

with the moisture of the skin, a comparatively soft stone will succumb to the action of grit

and dust, which for the most part consist of particles of the mineral quartz. It is desirable,

therefore, that all minerals used for personal ornament should possess at least the hardness of

quartz, and a still greater hardness, the so-called gem-hardness, is an advantage. Some

discretion should be exercised in the setting of stones of different degrees of hardness ; thus

a comparatively soft stone may be quite suitable for the ornamentation of a brooch, but

should not be set in a ring, where it is likely to get much hard wear. In the same way

minerals, which, however beautiful in the fresh condition, lose their beauty on exposure to

the atmosphere are unsuitable for use as gems.

We have now shown that only those minerals, which combine beauty of appearance

with considerable hardness, and a power of resisting external influences, are suitable for use

as ornaments. The mineral substances so distinguished are known as precious stones or

gems.

All the essential characters of a gem occur together in but few minerals, so that the

number of precious stones is small compared with that of all the mineral species known.

Moreover, the minerals distinguished by the possession of the characters of a gem occur for

the most part, at least in pieces of good size and quality, in very sparing amount, so that
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besides their intrinsic beauty they possess the added charm of rarity. This latter character

is perhaps the one to which is most largely due the costliness of these objects, for the

possession of something rare, something that it is impossible for every other person to

possess, has ever exercised a fascination upon human nature.

The minerals which combine the highest degrees of beauty, hardness, durability, and

rarity—diamond, ruby, sapphire, and emerald, for example—are by common consent placed

in the foremost rank of gems ; those in which these characters, especially that of hardness,

are less conspicuous, are less highly esteemed. The former may be grouped together as

precious stones, while the latter, characterised sometimes by greater beauty, but by lower

hardness and more common occurrence, are known as semi-precious stones.

It is impossible to draw a hard and fast line between precious and semi-precious stones

;

a stone which one person might regard as precious, another would place with semi-precious

stones. In deciding the point, not one character but all must be taken into consideration,

and the rarity or commonness of the stone set against its other characters. Thus the

emerald, though comparatively soft, is one of the costliest of stones owing to its magnificent

colour, and the rarity of faultless specimens. Again, precious opal and turquoise, though

opaque and comparatively soft, are more valuable than is amethyst, which, though

transparent and harder, is yet, on account of its commonness, regarded as only a semi-

precious stone.

Just as the essential characters of a gem are developed in different minerals to different

degrees, so do these characters differ in degree in different specimens of the same mineral

species. The hardness is in all cases the same in the same species, but the transparency

and colour may be very different in different specimens, so that while some furnish us with

the finest examples of precious stones, others may be entirely unsuitable for ornamental

purposes, and the remainder furnish stones of inferior quality. Thus the mineral species

beryl includes not only the costly emerald, but also the far less beautiful and less valuable

golden beryl and pale greenish-blue aquamarine, and the cloudy and opaque common beryl,

which is destitute of the essentials of a gem, and is therefore never used as such. The

transparent varieties of minerals used as precious stones are distinguished by the prefix

" precious " from the opaque or " common 11
varieties.

The value of a mineral as a gem does not depend solely upon its natural characters, but

is influenced to a very large extent by the fashion of the day. A stone which at one time

commands a high price, at another, for no apparent reason, will scarcely find a purchaser

;

while minerals, at first comparatively unknown to the jeweller, will leap suddenly into

popular favour. At one time diamonds are most in favour, at another the so-called fancy

stones. At the present time the latter is the case ; scarcely more than a dozen years ago

the jeweller's stock consisted of diamonds, rubies, sapphires, emeralds, and garnets, with

an occasional topaz or aquamarine. Now almost all the stones described in this book,

a list of which will be found in the table of contents, and most of which are coloured, are

commonly bought and sold in the precious stone market. Many of the minerals now cut as

gems are not suitable in every respect for the purpose, and this is specially so in the case of

those minerals which are cut and worn more for the association of the wearer with the place

of their occurrence than for their intrinsic beauty or suitability.

The minerals which must be reckoned as precious stones are by no means fixed in

number, nor is it a fact that a mineral once used as an ornamental stone is ever after used

as such. New minerals come into favour and old ones fall out of use, but a certain number,

the richest and most beautiful of gems, survive all the changes and chances of fashion, and

stand now, where they did ages ago, highest of all in popular esteem.
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Of the natural substances used for ornamental purposes other than precious stones,

pearls and coral are the most important. These, however, are not members of the mineral

kingdom, being products of animal life, and are therefore excluded in the consideration of
precious stones. Amber,- on the other hand, though not a true mineral substance, finds a
place here. It is the fossilised resin of extinct trees, but being a constituent of the earth's

crust, as are precious stones, it is customary to regard it and similar substances as within

the domain of mineralogy.

Since precious stones are minerals, their study must be considered as a branch of

mineralogy. It includes the investigation of their natural characters, such as chemical

composition, crystalline form, specific gravity, hardness, cleavage, and their behaviour

towards light, as well as an inquiry into their occurrence in the earth's crust, their mode of

origin there, and the localities where they are to be found. But since the application of

precious stones is a matter of practical importance, a thorough knowledge of the subject

must include an acquaintance with the mining and working of precious stones, their use in

jewellery and ornaments, and other subjects of a somewhat technical nature.

Another important branch of the same subject is the determination of gems and the

recognition of the features which distinguish them from deceptive imitations in glass, or

from less valuable minerals of similar appearance. Long familiarity with the appearance of

different stones will, in many cases, enable a dealer or amateur, even though destitute of

mineralogical knowledge, to identify any given stone at a glance. In other cases, however,

a person who depends in this way upon his memory and sense of recognition, is very likely

ill into error, which a scientific mineralogist would avoid by the use of exact methods of

•urination. It is therefore greatly to the advantage of persons who buy and sell these

objects to make themselves acquainted with the principles and methods of mineralogy

here laid down. Not only does' a sufficient practical knowledge of this subject help in

avoiding errors of determination, but it also enables one to gather from rough stones

valuable indications of the purposes to which they are most suited, and the methods of

working most advantageously employed.

The first part of the present work will be devoted to a consideration of the mineral

characteristics which are of importance to the specialist in gems, a general consideration of

the mode of occurrence of precious stones, and, finally, certain matters relating to the

application and working of these stones. The second part will contain a particular and

detailed account of every mineral which has been used for ornamental purposes, with special

reference to precious stones ; while the third part epitomises the characters to be relied on in

determining precious stones and for distinguishing them from other precious stones and

from imitations.





FIRST PART

GENERAL CHARACTERS OF PRECIOUS STONES





I. NATURAL CHARACTERS AND OCCURRENCE.

A. CHEMICAL COMPOSITION.

Precious stones in their general chemical relations do not differ essentially from other

minerals. They are composed of the same chemical elements, which are combined together

according to the same Jaws. At one time, however, it was believed that, since the

characters of precious stones were so remarkable, their chemical composition must also be

unique. Hence it was assumed that all precious stones contained a rare and precious earth

as a fundamental constituent. More exact chemical investigations have shown, however,

that the constituents of the rarest of precious stones are frequently very common sub-

stances, such as carbon or alumina. The precious metals—gold, platinum, &c.—never enter

into the composition of gems, and the rare elements very exceptionally so. As examples

of such occurrence may be mentioned the element zirconium, present in zircon, and the

element beryllium, present in emerald, aquamarine, and a few other rarer stones.

The chemical composition of different stones varies considerably in complexity. While

it is very simple in some, in others it is complicated by the presence of numerous con-

stituents. In the case of the diamond, the chemical composition is very simple ; this, the

most important of gems, consists solely of the common and widely distributed element

carbon. The carbon of diamond, however, is endowed with special properties, and differs

very widely from graphite, the other crystallised modification of carbon, and from coal,

which consists largely of carbon. Among gems, the diamond stands alone in the simplicity

of its chemical composition.

At least two, and in the majority of cases a number of, elements enter into the com-

position of all other precious stones. The rarest and most costly of all stones, the red

ruby, contains only two elements ; and the blue sapphire is identical with the ruby in

chemical composition, differing from it only in colour. The two elements of which the

ruby and sapphire consist are aluminium and oxygen. The former, an important con-

stituent of clays and other widely distributed minerals, is a metal which in recent years has

become of great importance in the arts and manufactures ; the latter is an important con-

stituent of atmospheric air. The combination of aluminium and oxygen, known as oxide

of aluminium, or alumina, is an essential constituent of many other valuable gems. Rock-

crystal, amethyst, agate, opal, and other stones also consist of a simple oxide, the oxide of

silicon. This oxide, which is known as silica, is the most important constituent of the

earth's crust. Zircon, spinel, and chrysoberyl furnish examples of slightly more complex

oxides.

While the group containing the oxides furnishes so many important gems, there are
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other groups of minerals which are unimportant from this point of view. Such groups are

those of the metallic sulphides (compounds of metals with sulphur), the haloid compounds

(combinations of metals with chlorine, bromine, iodine, and fluorine), and the sulphates

(compounds of sulphuric acid). Although these three groups may include minerals which

are occasionally used as ornamental stones, we find none possessing the essentials of a gem
to any marked degree.

The group containing the silicates is again an important one, for it embraces the

emerald, garnet, chrysolite, topaz, and many other precious stones. Tourmaline may be

mentioned as an example of the few gems belonging to this group, the chemical composition

of which is specially complex.

Of the other divisions of the mineral kingdom there remains only to be mentioned that

in which the phosphates are placed. This division contains only one gem, the turquoise.

This important and valuable stone, which is composed of phosphoric acid combined with

alumina and water, is remarkable, inasmuch as it is the only costly stone which contains

any considerable amount of water as an essential constituent.

The ornamental stone malachite may be mentioned here as being the representative of

the carbonates or compounds of carbon dioxide, and at the same time as containing a con-

siderable amount of water as an essential constituent.

To identify any given stone and to determine the mineral species to which it belongs,

a chemical analysis is often desirable and, in some cases, essential. Since this method

involves the complete destruction of the substance experimented on as such, it is obviously

of very limited application in the determination of precious stones of great intrinsic value.

In the case of uncut stones a chemical analysis may be made of detached fragments. But

with cut and polished stones, not only is a complete chemical analysis impossible, but the

mere testing with acid must be avoided.

B. CRYSTALLINE FORM.

Most chemical compounds, including the majority of minerals, frequently occur as solid

bodies bounded by plane faces. These shapes have been assumed on the solidification of the

substance, and are due to the internal molecular forces exercised by the substance, and not

to any external influence. Such definite shapes are known as crystalline forms, and sub-

stances occurring in this condition are said to be crystallised. With very few exceptions

all precious stones are crystallised. Diamond, ruby, sapphire, emerald, topaz, &c, occur

naturally as crystals of the finest development. Only a few, of which the most important is

opal, are not bounded by the plane faces characteristic of crystallised substances, but occur

only as irregularly-shaped masses. Such substances without definite external form are said

to be amorphous.

Crystallised bodies, therefore, differ from amorphous bodies in that on solidification they

assume a regular form bounded by plane faces, which is the outward expression of internal

molecular forces. Certain peculiarities in the physical characters of crystallised bodies,

which are absent in amorphous substances, are also due to these internal molecular forces.

Thus it is still possible to distinguish a crystallised from an amorphous body, even though

the characteristic regular boundaries of the former should happen to be absent.

The absence of the regular boundaries of a crystallised substance may be due to one or

more of a variety of causes. Their free development may have been hindered by external

conditions ; as, for instance, when a substance crystallises in a confined space where free
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development in all directions is impossible. Or, again, as often happens, in extricating a

crystal from the matrix, a blow from the hammer may destroy some of the plane faces of the

specimen. Moreover, in the process of cutting and polishing precious stones, the natural

plane faces are always destroyed. In all these cases, however, the substance still possesses

the internal structure characteristic of a crystallised body. The essential difference between

a crystallised and an amorphous body lies in their internal structure, on which depends the

character of the substance. The presence of plane faces in the crystallised substance is

merely the outward expression of its internal structure.

A crystallised body which shows no regular boundaries is said to be crystalline or

massive. When these boundaries are present the body is termed a crystal. Portions of

crystalline, massive material cannot be distinguished in their external form from an

amorphous substance, but their internal structure shows a very essential difference, which

will be described later. A crystal, however, on account of its regular boundaries can never

be confused with an amorphous body.

The knowledge of crystals and the laws governing the relations between their faces

belongs to the special science of crystallography. A knowledge of the subject is essential to

the correct understanding of the natural relations of minerals, including also precious

stones.

It has been established that each crystallised substance, including precious stones,

having a definite chemical composition, has also a crystalline form which is characteristic of

the substance, or to be more correct, it may exhibit a series of crystallised forms related in

such a way that each may be derived from another. Moreover, bodies of different chemical

composition will in general be characterised by different crystalline forms, having, as a rule,

no mutual relations.

Hence it is possible to distinguish bodies not only by their chemical composition but

also b) their crystalline form, and this applies equally to precious stones. It is thus obvious

that a knowledge of the crystallographic relations of precious stones is not only of

theoretical importance, but also of the highest practical importance, for it would enable a

buyer of rough stones to distinguish a genuine from a false stone by the form alone, thus

avoiding injury to the stone. This method of identification, however, is applicable only when

the specimen is crystallised. In the case of massive or crystalline material, the data for its

scientific determination can only be obtained from the physical characters of the specimen.

The science of crystallography is not one of which the general principles can be

conveyed in a few words. Generally speaking, a complete and thorough study of the subject

is necessary to obtain a knowledge of practical value. Since a detailed account of the

science of crystallography is quite outside the scope of the present work, the reader must be

referred to special works on the subject and to the various text-books of mineralogy, which

usually contain a section devoted to crystallography. It will, therefore, be assumed in what

follows that the reader possesses a knowledge of at least the elements of the subject, and is

further acquainted with the elements of those sciences, such as chemistry, physics, geology,

the aid of which is necessarv in the study of minerals and precious stones.

It may be stated briefly here that all crystals with few exceptions can be cut by a plane

into two equal parts, having the same relation between them as exists between an object

and its imacre in a mirror. Such a plane is known as a plane of symmetry, and crystals of

different substances possess different numbers of these planes. The greater the number of

planes of symmetry possessed by a crystal the higher its degree of symmetry. Those crystal

forms which may be cut in the same manner by the same number of planes possess the same

degree of symmetry, and are grouped together into the same crystal-system. There are six
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of these systems, to one or other of which every mineral and every crystallised precious stone

must of necessity belong. The names of the different crystal-systems with the number of

planes of symmetry characteristic of each are given below

:

1. The Cubic System with 9 planes of symmetry.

2. The Hexagonal System ,, 7 ,, ,,

3. The Tetragonal System ,, 5 ,, ,,

4. The Rhombic System ,, 3
,, ,,

5. The Monoclinic System ,, 1
,, ,,

6. The Triclinic System ,,0 ,. „

Sometimes the symmetry exhibited by a crystal is such that only half the typical

number of faces are developed. These derived forms are known as hemihedral, or half-faced

forms. These forms must be distinguished from those possessing the full number of faces,

which are known as holohedral, or full-faced forms. Again, from hemihedral forms may be

derived, by a development of only half the faces, another group, the members of which are

known as tetartohedral, or quarter-faced forms. The hemihedral and tetartohedral classes of

the different systems receive special names, which, however, need not be mentioned here.

All the holohedral and several of the hemihedral and tetartohedral classes are represented

among precious stones.

All precious stones of the same kind, i.e., all diamonds, all emeralds, &c, exhibit forms

belonging to the same crystal system ; they all possess the same degree of symmetry, and all

show the same hemihedral or tetartohedral development if such is present.

It not unfrequently happens that two similarly developed crystals of one and the same

mineral are so grown together as to be symmetrical with respect to each other about a

certain plane, one crystal being a reflection of the other in this plane, as, for example, is

shown for spinel in Fig. 60d. A regular grouping of two crystals in this way is known as

a twin. Twins may generally be recognised by the presence of re-entrant angles between

the faces at the edge of the plane of junction of the two crystals. Simple crystal indi-

viduals do not show such re-entrant angles. Sometimes on the second crystal of a twin a

third individual may be grown in the same manner, thus giving rise to a triplet. Similarly

four crystals grown together in a certain regular manner give rise to a quartet. Such

regular growths are often very complex, and it is then no easy matter to discover the mutual

relations of the several simple crystals.

The principal crystalline forms are too important to be ignored ; they will be described

and figured below with the description of the various precious stones. To those who possess

even a small acquaintance with the laws and terms of crystallography, the description of the

different forms and their mutual relations will be easily intelligible ; to others, however, it

may present some difficulty. But as all the crystallographic details are collected together in

a small space, it is open to such persons to omit them. Though their conception of a

precious stone in its natural condition will, in such case, suffer, yet a fairly correct idea of the

aspect and crystalline form of uncut crystallised precious stones may be obtained from an

inspection of the figures.

Amorphous substances, such as opal, which are incapable of assuming a crystalline

form, usually occur in irregular masses of indefinite shape, but rounded, spherical, botryoidal,

reniform, or nodular masses are also found.

Crystallised bodies, and, consequently, many precious stones, are frequently not of

uniform structure throughout ; they do not consist of a single crystal individual, but of

several irregularly grown together. The compact mass which results from such a collection
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of crystalline individuals is known as a crystalline or massive aggregate. The constituent

particles of such an aggregate may be of various shapes ; they may be developed fairly

equally in all directions, or they may be considerably elongated or shortened in one or more

directions. Thus arise granular, columnar, fibrous, shelly, scaly, or other kinds of aggre-

gates. A granular aggregate is coarsely or finely granular according to the size of the

constituent particles.

Sometimes the particles are so fine that they cannot be distinguished with the naked

eye, nor even with the help of a simple lens, and the mass then appears to be perfectly homo-

geneous. The microscope, however, reveals the fact that it is in reality an aggregate of

minute grains, fibres, or scales. A truly homogeneous body appears homogeneous even

under the highest powers of the microscope. A mass built up of minute particles, but with

an external appearance of apparent homogeneity, is known as a compact aggregate. It

often shows the rounded exterior of an amorphous body, and while its constituent particles

may show regular crystal-faces the aggregate as a whole never does.

Specimens of such compact aggregates are frequently opaque, and their microscopic

examination necessitates the preparation of a slice sufficiently thin to be transparent. A
plate with parallel sides is cut and one side is polished. The plate is then fixed to a slip

of glass with Canada-balsam, the unpolished surface being uppermost. The plate is then

ground down till it is so thin as to be transparent, when the upper surface is polished. To
preserve the section a glass cover-slip is cemented over it with Canada-balsam. Many
important and interesting facts respecting the character of minerals and precious stones have

been learnt from the microscopic examination of such thin sections, as they are called. The

method has been specially useful in the examination of turquoise, chalcedony, and agate,

where special difficulties lie in the way of other methods.

C. PHYSICAL CHARACTERS.

A. SPECIFIC GRAVITY.

One of the most important characters of a precious stone is its density. On this

quality depends the weight of a stone of any given size. Thus of two bodies of equal size

but of different material, the one having the greater density will exceed the other in weight.

To give a concrete example, a cubic inch of iron weighs rather more than a quarter of a

pound, while a cubic inch of oak weighs half an ounce. The cube of iron is, therefore,

eight times heavier than the cube of wood.

Instead of measuring the density of a substance it is more convenient to compare the

weight of any given volume with the weight of an equal volume of some standard substance.

The substance usually selected as the standard is water at a temperature of 4° C. The ratio

of the weight of any volume ofa substance to the weight of an equal volume of water at the

above temperature is known as the specific gravity of that substance. The specific gravity

of a body is found, therefore, by dividing its weight by the weight of an equal volume of

water. To calculate how many times one substance is denser than another the specific

gravity of the former must be divided by that of the latter.

Experience has shown that each chemical substance, each mineral, and also each

precious stone, has a definite specific gravity, which in most cases differentiates it from

all other substances. This character furnishes an important means of identification,

which is specially valuable in the case of precious stones, for by this method the

most costly cut stone can be identified and suffer no injury in the process. With the
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exception, perhaps, of the optical characters, no other feature is as important as a means

of determination.

Every dealer in jewels should therefore be able to make a rapid determination of the

specific gravity of any given gem with sufficient accuracy for practical purposes. The time

expended in acquiring the necessary manipulation and the cost or the apparatus will be amply

rewarded. It is proposed to give here a detailed account of the methods in use for the

determination of specific gravity, not only for those conspicuous for the accuracy of the

results they furnish, but also such as would be chosen when rapidity andeaseof manipulation

rather than extreme accuracy are needed.

It will be noticed that the value of the specific gravity of any given mineral, as quoted

in text-books or works of reference, varies between certain narrow limits. This is due,

firstly, to small errors in determination ; and, secondly, to the impossibility of obtaining two

absolutely identical specimens of the same mineral, since there may be, in certain cases, small

or even considerable variations in chemical composition (isomorphous replacement) ; and,

again, crystals frequently contain as enclosures various amounts of different impurities.

Methods for the Determination of Specific Gravity.

1. Method with the Pycnometer.—This is perhaps the most accurate of the several

methods available for the determination of specific gravity. The pycnometer or specific

_ gravity bottle (Fig. 1) is a small vessel of thin glass with a wide

neck, into which fits a ground-glass stopper. The stopper is per-

forated longitudinally by a very fine canal.

To find the specific gravity of a stone its weight g is first

(

l|L^ observed. Next the weight p of the specific gravity bottle, filled with

distilled water, is found ; this observation can be made once for all

"
=ib\ (f°r the same flask), and need not be repeated at each new determi-

Bjjlk nation. Care must be taken that the water rises to the top of the

Jigj perforation in the stopper ; this is usually effected by filling the

gjljlpff flask quite full and then inserting the stopper. Before weighing,
-«Hssg?/ ^e ßask must be we\\ dried on the outside. The stone is now placed

jcnome er
jfl ^e flask. It displaces an amount of water equal in volume to its

own bulk. The stopper is replaced so that water rises to the top of

the perforation. The flask must be again dried and weighed. Let this weight be denoted

by q. The weight of the flask, full of water, together with the weight of the stone is

g + p. The weight of water displaced by the stone in the second part of the operation is

consequently g + p — q, and this represents an amount of water equal in volume to the

volume of the stone. Since then the weight of the stone is g, and the weight of an

equal volume of water is g + p — q, the specific gravity, eZ, is therefore given by

d = *
.

g + P - 9
To take a numerical example; let the weight of a stone be g^ 4*382 in grams or

whatever unit is used ; the weight of the bottle filled with water be jr? = 15*543 ; the weight

of the bottle containing both the stone and the water q = 18*680. Then the weight of the

displaced water is g + p - q = 4*382 + 15*543 - 18*680 = 1*245 and

g 4*382
a ~

g + p _
q
~ 1-245 ~ &bZ '

This is the specific gravity of the stone, in this case a topaz.
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To avoid serious error in determinations of specific gravity the presence of bubbles of

air must be carefully guarded against. These often cling with great pertinacitv to the stone,

but may usually be dislodged with the help of a clean platinum wire or bv gentlv warming

the flask. Should any collect, under the stopper, the flask must be emptied and refilled with

distilled water.

When all the precautions mentioned above are carefully attended to, the accuracy of

the determination varies with the delicacy* of the balance. With a good balance and a little

practice the pycnometer method is capable of giving results accurate to the third place of

decimals. It has the further advantage of enabling the operator to determine

the specific gravity of several small stones or fragment* mken together. The
application of this method of determination is limited in two directions : it h

useless, on the one hand, for determining the specific gravity of stones too

large to pass through the neck of the bottle, and, on the other hand, is not

sufficiently accurate when only very small quantities of material are available.

2. Method icith the Hydrotfatk Balance.—This method is more frequently

used, and with careful manipulation is perhaps quite as accurate as the method

just described. It depends on the fact that a body when immersed in water

weighs less than when in air. According to the well-known principle of

Archimedes, the loss in weight is equal to the weight of the water displaced,

that is, of a volume of water equal to the volume of the body.

The stone is first weighed in air: let this weight be g. It is "hen

suspended from the arm of the balance by a hair, fine wire, or thread, and

weighed in water ; let this weight hef. It is obvious that the difference in

weight, g — f, is the weight of the water displaced, that is. of a volume of

water equal to the volume of the stone. The specific gravity, d. of the stone

is therefore given by d = —^—>•

The hydrostatic balance used in the above operation differs in no

essential respect from an ordinary balance. It is merely arranged so thai

the right-hand scale-pan hangs from a much shorter support than the

other. Frequently the right-hand scale-pan of an ordinary balance can be

replaced bv one with shorter supports and a small hook on the under side. -<^J__ >̂

When the stone is immersed in water, the thread or wire which carries it is ^^^
attached to this hook. For the purpose of conveniently holding the stone. _

w
the lower end of the thread or wire may carry a small clip, as shown in

- '
: nm

Fig. 5. or the wire mav be simplv wound round the stone so that it rests in _ .

r \ - : ±

a stirrup or in a small spiral. A basket of this description is shown in F:_ I -^ - i--

-

The water is placed in a gla- . under the right-hand scale-pan with ^J^. 1;
~

the short support, and the wire carrying the clip or other arrangement is

immersed in water during the whole operation, so that it is weighed in «ste even before

the stone has been fixed in position for the second weighing. It is Then unnecessary

to specially determine the weight of the wire with its attachment and the loss of weight

of this in water, as the effect in one weighing is cancelled by that in the other.

The use of a balance with specially arranged scale-pans, as described above, is by no

means essential, however, for the determination of specific gravity. E-. eweller has a

good balance with scale-pans having supports of equal length, and this can easily be used as

a hydrostatic balance, as illustrated in Fig. 3. For this purpose, the vessel containing wait

is placed on a small table or bench, such as is shown in Figs. 3 ud 4. which stands over
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the scale-pan of the balance, leaving the latter quite free to move. The thread or wire with

the attachment for carrying the stone is fastened to the hook on the upper part of the

right-hand scale-pan. Obviously the water-containing vessel must not be so large as to

interfere with the movement of the balance, and the length of the wire must be such that

fapWrtTmkcOJ

XZZT X3
Fig. 3. Ordinary balance with arrangement for hydrostatic weighing.

the stone it carries will not touch the bottom of the vessel nor rise partly out of the water

when the balance is swinging.

In the determination of a specific gravity with such a balance the best mode of pro-

cedure is as follows : A fragment of a mineral or metal or any object, the weight of which

is greater than that of the stone whose specific gravity is to be determined, is placed in the

left-hand scale-pan. This acts as a counterpoise, and must remain throughout the whole

operation. It has been pointed out above, that the wire with its carrying attachment must

remain immersed in water till the completion of the operation. Weights are then placed in

the right-hand scale-pan so as to balance the counterpoise ; let the weight required be m.

These weights are then replaced by the stone ; equilibrium is restored by adding a weight, /,

in the right-hand scale-pan. The weight of the stone will therefore be m — I = g say. The

stone is then attached to the end of the wire and immersed in water, care being taken that it

hangs freely without touching the sides and bottom of the vessel. By adding more weights

to the right-hand scale-pan the balance is again brought into equilibrium. If the total

weight is now t, then, the loss in weight of the stone, when weighed inwater, is t — I, and
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this is also the weight of the water displaced, that is, the weight of a volume of water
equal to the volume of the stone. Hence the specific gravity of the stone is, as before

d - -£—

To take a numerical example. If the weight first added to balance the counterpoise be
m = 10*784 grams (or other unit), and the weights which, together with the stone, balance
the counterpoise be7 = 4*803 grams, then the weight of the stone is g = m - I = 10-784 -
4-803 = 5-981 grams. Let the weight added when the stone is immersed in the water be
t = 7*060. Then the loss of weight of the stone will be t — I = 7-060 - 4*803 = 2257

grams, and d = ^—j
5891
2*257

= 2 ^5
' ^^s *s ^e sPPCific gravity of rock-crystal (quartz).

Other conditions being equal, the more delicate and sensitive the balance the more
accurate will be the specific gravity determination. Under favourable conditions and with
careful weighing the determination should be correct to the third place of decimals.

Fig. 4. Bench for use in hydrostatic weighing with an ordinary balance.

Certain precautions, however, must be attended to. In the first place, all parts

immersed in water must be quite free from adhering air-bubbles; these may often be

dislodged with the help of a clean platinum wire, but frequently it is advisable to bring

the water almost to the boiling-point while the stone and wire are immersed in it. For this

purpose the wire must be detached from the balance ; but before replacing the vessel of

water on the balance it should be allowed to cool, which process may be hastened by

immersing the vessel, still of course containing the wire and stone, in a bath of cold

water. Should the stone and wire be at all greasy through being handled, they will

not be properly wetted by the water, and should then be washed in alcohol, ether,

benzene, or a solution of soda; in the latter case they must be afterwards rinsed in clean

water. Finally it must be borne in mind that the percentage of error in the determina-

tion of a verv small stone is greater than in that of a larger one, since small errors in

weighing; influence results more in the former case than in the latter.

When the specific gravity of a number of stones is to be taken, a counterpoise is

chosen which exceeds the heaviest of them in weight. This may then remain throughout

the whole series of operations and the value of m be determined once for all. Two weighings

only are then necessary to find the value of I and t for each stone. From I and t and the

constant value m the specific gravity can be calculated in each case.

The specific gravity of several fragments or small stones may be determined by placing

them together in the wire basket, shown in Fig. 2, and weighing them as a single stone.



16 GENERAL CHARACTERS OF PRECIOUS STONES

The use of the counterpoise, as described above, has the effect of neutralising any error

in the zero point of the balance. Unless special accuracy is required the counterpoise may
be dispensed with, especially when a good balance with the zero accurately adjusted is

available. The stone is then weighed in the usual way by placing it in one scale-pan and

the necessary weights in the other. Let its weight thus determined be p, and its weight

when immersed in water be q ; then the loss of weight will be p — q, and the specific

gravity is d = —i-— .

In the above determination two weighings only are necessary, whereas, when a counter-

poise is used, three must be made. Whexi, however, a series of determinations are made with

one counterpoise two weighings suffice, and either method is equally expeditious. For the

purpose of determining a stone or distinguishing it from another, the value of its specific

gravity, obtained without the use of a counterpoise, is generally sufficiently accurate. The

following is a numerical example of this method. A garnet (cinnamon-stone) weighed in

air 4*375 grams (p), and in water, 3168 grams (q) ; the loss in weight is therefore

p — q = 4'375 — 3*168 = 1*207 grams. Hence the specific gravity is

p - q~ 1-207 ~ öbö '

Since determinations of specific gravity are not, under ordinary conditions, made with

water at the temperature of 4° C, it is necessary, when accuracy is required, to reduce the

results of calculation to this standard. For the practical purpose of the jeweller, however,

the direct observation is quite sufficient.

3. Method with WestphaVs Balance.—While methods 1 and 2, described above, are

susceptible, as has been shown, of extreme accuracy, they have a disadvantage in the

amount of time which must be expended on careful weighing. The method now under

consideration combines a degree of accuracy sufficient for all practical purposes with a

considerable economy in time; it is therefore valuable to the practical jeweller. The

balance used in this method is named after its maker, the mechanician Westphal, of Celle,

in Hanover. It enables a specific gravity to be readily and quickly determined, correct to

the second place of decimals, or under favourable conditions to the third place. It has the

advantage of cheapness over the hydrostatic balance, and, moreover, can be used for other

purposes, as will be shown later.

WestphaPs balance with accessories for determining the specific gravity of solids, and

therefore of precious stones, is illustrated in Fig. 5. In principle it is really a simplification

of the hydrostatic balance with a counterpoise, the left-hand scale-pan and counterpoise of

the latter being replaced in WestphaFs balance by a counterpoise fixed to the beam. It

consists of a beam, abc, to which is fixed a knife-edge of hardened steel at b. This knife-

edge, which is directed downwards, is supported by, and turns on, a grooved steel plate

fixed to the curved brass piece de, itself supported by the brass column f. The latter

slides in the tube hh, and can be fixed at any convenient height by means of the screw g.

Passing through the disc Z, attached to the foot k, of the instrument, is a levelling screw in,

directly beneath the end of the balance beam; by means of this the columnf can be

adjusted so as to be accurately vertical.

The beam carries at one end (the left in Fig. 5), a heavy weight of brass, which takes

the place of the counterpoise and left-hand scale-pan in the ordinary hydrostatic balance. At
the same end, a, of the beam is a pointer wrhich, when the beam is horizontal, indicates zero

on the scale attached to the piece de. At the opposite end, c, of the beam (on the right in

Fig. 5) is fixed a knife-edge with its edge directed upwards. On this rests a hook, from
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which is suspended, by short platinum wires, the scale-pan n. On the under side of this

pan is a hook for attaching the fine platinum wire and clip p, which holds the stone to be
tested. This portion hanging from c corresponds to the right-hand scale-pan with short

supports of the hydrostatic balance.

1

5Sv
3 4

Cl
d 19

n.

f

h

A

m

f
h

\_

k

s iz
Jl

Fig. 5. Westphal's balance for determining the specific gravity of solids.

Between the knife-edge b and the end c the beam is divided into ten equal parts, the

equally distant lines of division being numbered consecutively from b towards c. The

upper side of the beam is notched at these lines of division. The weights are of special

construction ; some being for the purpose of hanging on the hook under c, and others,

known as riders, rest when in use in the notches on the beam itself, as shown in Figs. 5 and 7.

These weights are quite arbitrary, and need not necessarily be multiples or sub-multiples

of any recognised unit ; they are related to each other, however, in a certain definite manner

suitable to the purpose of the instrument. The normal weight, N, when placed on the hook
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at c\ corresponds to the unit weight, but when placed in the notches of the beam numbered

1, 2, 3, &c., it has the value TVV, -föN, T%Ar
> &c, that is, ^, ^, -£>, &c, of the unit. A

second weight n has one-tenth the value of AT
, or n = -^N. When placed on the hook

at c its value is xu-A
7
, and when placed in the notches 1,2, 3, &c, it has the values -^n,

i~o n > tV*j &c-5 or tw^7
5 twöN, 1-g-S"A

r
, &c. Lastly, there is a third weight n

1
= -^n =

y^p/V, which is its value when suspended from c, but when placed in the notches 1, 2, 3,

&c, it has the values ^v tV*i» tö^v &c -> or two71
* ^ dnrÄ> &c., or y^A7

,

i^jfyiV, 10
3
Q0 iV, &c. The weights rc and n

±
are used only as riders, and of the normal

weights, A7", one will be required for use as a rider and the others for suspending from the

hook under c. For convenience, larger weights, multiples of the normal weight (2A7,
3Ar

, &c), are also supplied for suspending at c.

The operation of weighing is performed in the following manner : When the beam is

horizontal and the pointer indicates zero on the scale at e, let there be a certain number of

the normal weights A7 on the hook c, one of the normal weights in one of the notches on

the beam, and weights n and n
x
in certain other notches. The number of A7 weights on the

hook c will give the whole number of the required reading, and the riders A7
, n and n

x
on

the beam give the first, second, and third decimal places of the same unit. For example,

there may be at c three of the weights A7
, and the riders A7

, n and n^ at the divisions 7, 2,

and 9 respectively ; the reading will then be 3*729 of the unit A7
, or 3729A7

. If there is

no rider Ar and riders n, n
x
at divisions 3 and 5 respectively, then the reading is 3*035.

The arrangement of the weights shown in Fig. 5, corresponds to the reading 3*725

A

7
, and

in Fig. 7 to 2707A7
.

Throughout the whole series of weighings for the determination of a specific gravity

the clip for holding the stone and part of the suspending wire must remain immersed in

water. The supportf is adjusted in the tube h so that, during the swinging of the beam,

the clip shall neither touch the bottom of the vessel nor rise out of the surface of the water,

but remain completely immersed in approximately the central part of the vessel. The

determination of specific gravity according to this method involves three separate weighings,

as described below. One of these may, however, be reduced to a constant and used through-

out a series of determinations.

(1) Sufficient weights are placed on the beam to bring the pointer to zero.

The following example illustrates the method of manipulating the weights : The

normal weights A7
, 2A7

, 3A7
, 4A7

, successively hung on the hook c were each found to be

insufficient to move the beam, but 5A7 brought it past the horizontal position. One N was

therefore removed and 4N left on the hook. The rider A7 was then placed on the beam at

the divisions 9, 8, 7, &c, successively ; at the third division the beam was still tilted down

to the right, but when the rider was at the second division the beam was tilted to the left

;

the rider was therefore left at the second division. In the same way the rider n finds a place

at 5, and n
1
at the same division, in which case it may hang from the rider n, as shown in

Fig. 7, where n
x
hangs from JV. The counterpoise of the balance therefore corresponds to

the weight 4*255Ar
. A fourth decimal place in the reading may be obtained by placing

the rider n
x
between the two divisions 5 and 6. If, for instance, it is placed midway between

divisions 5 and 6, the reading would be 4*2555Ar
; if nearer to 5 than to 6, then it would

read 4*2553A.

(2) The stone of which the specific gravity is to be determined is now placed in the

scale-pan and the weights readjusted until the beam is again horizontal. In the case

quoted, the weight required was 3*81

2

N. Hence the real weight of the stone was

(4*255- 3*81 2)Ar = 0-443A7
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(3) Finally the stone is fixed in the clip p and immersed in the water ; the weight

now required to restore equilibrium was S97S5N. The loss of weight of the stone was

therefore (3*9785 - 3«12)iV = 01665N, and the specific gravity

0*443 *.

d —
ft.-ififie

= 266. This is again the specific gravity of rock-

crystal (quartz), and the stone may therefore be identified as quartz.

This method of determination enables the specific gravity of

a stone to be found correctly to two places of decimals with very

little trouble, provided that the precautions already mentioned

have been observed : namely, that the stone is free from air-bubbles,

that it does not come in contact with the sides of the vessel nor rise

out of the water, and that it is not too small. The specific gravity

of a stone weighing half a carat, that is about one-tenth of a gram,

can be determined accurately to the second place of decimals ; though

the figure in the second place will be uncertain when the stone only

weighs J or £ of a carat, the determination is still useful for practical

purposes. With stones smaller than this, however, the results are

not sufficiently reliable. If supported in the basket shown in Fig. 2,

or in a net made of platinum gauze fixed to the clip, a number of

such small stones may be weighed together.

In this method, as previously, the first weighing, giving the

constant for the counterpoise of the instrument and the particular

wire and clip to be used, may be performed once for all, so that

afterwards only two weighings are necessary, and this effects a

considerable saving in time. Should the stone, whose specific

gravity is to be determined, be so heavy that it raises the counter-

poise by its own weight, then suitable additions must be made to

the weight of the latter, but in this case the balance will lose in

sensitiveness. Usually, however, the weight of the counterpoise is

sufficient for most of the purposes for which the instrument is

intended.

(4) Method with Jolly s Spring-balance.—The spring-balance

invented by, and named after, Jolly, formerly a physicist in Munich,

possesses considerable advantages, for by its means the specific gravity

of stones of fair size can be determined with sufficient accuracy and

very simple manipulation, no weights being required. The con-

struction of the instrument is shown in Fig. 6. A vertical rectangular

support, acd, about a yard and a half in length, stands on a base b

furnished with levelling screws. The vertical support carries on one

face a strip of plane mirror on which a scale is engraved. From a FlG
-
6

-
Joll y' s sPnnS-

r r . , ° . , balance for determining

horizontal projection at the upper end, a, ot the vertical support
specific gravity.

hangs a spiral of fine steel wire. This carries at its lower end a fine

platinum wire, to which are attached, one above the other, two small cups, m and m

(Fig. 6, A), of glass or platinum gauze. The length of wire lying between the two cups

also bears two reference marks at o and o. The lower cup m' is immersed in water

contained in the vessel g which rests on the stand h. This stand, h, can be moved

up and down the vertical support and fixed in any desired position.

In using the instrument, which for the first reading must remain unloaded, the lower
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cup m! is immersed in the water in the vessel g until the reference mark at d is exactly in

the surface of the water ; the position ofthe reference mark at o on the vertical scale is then

read. To effect this, the eye of the observer is so placed that the reference mark o, which is

an acute triangle, exactly covers its reflection in the mirror, when the position of the upper

angle on the scale is read ; by this means error due to parallax is avoided. As
an example, let us suppose that o stands at division 45 on the vertical scale. The stone

to be determined is then placed in the upper cup m ; this will stretch the spiral spring, and

the stand h bearing the vessel of water must be lowered until o' again stands in the level of

the water. The new position of o in the mirror scale is now read ; let it be at division 75.

Then the weight of the stone in air corresponds to 75 — 45 = 30 scale divisions. The
stone is now placed in the lower cup m', which always remains immersed in water ; since the

weight is diminished the spiral will shorten. The stand h will now require to be raised

until d is again in the surface of the water ; suppose the reading on the scale is now 65.

The loss in weight of the stone in water is represented by 75 — 65 = 10 scale divisions

and the specific gravity is, therefore -fg-
= 30, corresponding to colourless, transparent

tourmaline.

(5) Method with heavy liquids.—Within recent years this method for the determination

of specific gravity has become of considerable importance. It depends on the fact that a

body placed in a liquid will sink or float according as the density of the liquid is less or

greater than that of the body. A stone placed in a liquid heavier than itself will rise to

the surface ; if placed in a liquid lighter than itself it will sink to the bottom ; while

if the stone and liquid are of equal density the former will remain stationary at any point

within the latter. The movement upwards or downwards of a stone placed in liquid

is quicker or slower according as the difference in density between the stone and the liquid

is greater or less.

The liquid for use in the application of this method must fulfil a variety of conditions.

First, it must be as heavy as possible, so that its use maybe extended not only to the lighter

gems, but also to as many as possible of the denser ones, which, if placed in a light liquid,

would merely sink to the bottom and render their discrimination impossible. Secondly, the

liquid should be clear, transparent, and colourless, so that there is no difficulty in observing

the movement of the immersed stone. Thirdly, it must not be thick or viscous, otherwise

the free movement of the stone would be impeded. Finally, it must mix readily and perfectly

in all proportions with a second lighter liquid, so that its density may be easily varied.

All these conditions are fulfilled by methylene iodide, a compound of carbon, hydrogen,

and iodine having the chemical formula CH2I2. It is one of the heaviest liquids known>

having at ordinary temperatures a specific gravity of about 3*3. Owing to its high coeffi-

cient of expansion, its density varies, however, very considerably with the temperature ; at

10° C. it is 3-3375 ; at 15° C. it is 3*3265 ; and at 20° C. it is 33155. Methylene iodide is,

further, perfectly transparent, very mobile, and of a pale yellow colour. It is readily miscible

in all proportions with benzene, which is a light liquid of specific gravity 0*88. Thus by mixing

methylene iodide and benzene together a series of liquids is obtained varying in density

between 0"88 and 3*3, the lower value being less than the density of water, and the higher

being three and a third times as great.

To determine the specific gravity of a stone by this method, it is first placed in pure

methylene iodide contained in a tall cylindrical vessel, such as is shown in Figs. 5 and 7.

It the stone sinks, we know it is heavier than the liquid, that is, it has a specific gravity

greater than 3*3, but how much greater cannot be determined. If it remains suspended in

the liquid, neither rising nor falling, even when moved about with a glass rod, we know that
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its specific gravity is identical with that of the liquid, which is aboutM at ordinary tempera-
tures. In the third case, if the stone should rise to the surface, even after being pressed

tl
nW

!l L
g

'
We kn°W that Hs sPecific gravitV is less than that of the liquid.When th,s happens, benzene is added drop by drop and the mixture well stirred. The

addition of benzene is cautiously continued until a mixture of such a density is arrived at that

Fig. 7. Westphal's balance for determining the specific gravity of liquids.

the stone no longer rises to the surface, but remains suspended in the liquid, moving neither

up nor down. We then know that the mixture has the same specific gravity as the

stone.

The value of the specific gravity of the mixture of methylene iodide and benzene, and

consequently that of the stone, has now to be determined. This may be done by means of

the pyenometer, which is weighed first full of water, and then full of the mixture.

Deducting from each of these weights the weight of the pyenometer itself, ihe weights of

equal volumes of water and of the mixture are known ; and dividing the latter by the former

the specific gravity of the mixture is found.

The specific gravity of a liquid is determined more conveniently, and with sufficient

accuracy for practical purposes, by means of WestphaFs balance. This instrument, together

with the accessories necessary for determining the specific gravity of a liquid, is shown in

Fig. 7. The small scale-pan previously used (Fig. 5) is now replaced by a glass float, q,
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containing a thermometer. This hangs by a fine wire from the hook c, and is sufficiently

heavy to balance the counterpoise and bring the pointer to zero. If, however, the pointer

should not stand exactly at zero, it may be brought to this position by turning the levelling

screw m. When the float is immersed in a vessel containing distilled water, its loss in

weight is equal to the weight of the displaced water. The pointer is brought to zero again

by placing a unit weight, iV, on the hook, c, the sizes of the float and the weights having

been so arranged that this shall be the case. The loss of weight in the float is, therefore,

represented by IN. Any other liquid which requires a unit weight, Ar
, to bring the beam

again into the horizontal position will have the same specific gravity as water, that is,

a specific gravity of 1. Should twice or thrice the unit weight, %N or 8JV, be required,

then the specific gravity of the liquid is 2 or 3, that is, it is two or three times as heavy

as water. For intermediate values, the riders must be used in the manner explained

previously. Thus, for example, let us suppose the float immersed in some liquid, which to

bring the beam into the horizontal position requires 3Ar at c, N at the second division, n

(
= tö-^O a* the fifth division, and n

1
(= ythfAO at the ninth division. Then the specific

gravity of the liquid is given directly by the reading 3*259. The specific gravity of the

liquid contained in the vessel in Fig. 7 is, in the same way, 2*707. Hence the specific

gravity is given directly by the readings, and there is no necessity for the smallest

calculation.

With this instrument it is possible with a little practice to determine the specific

gravity of a liquid correct to the second place of decimals, and the whole operation can be

performed in a few minutes. All that is necessary is to immerse the float in the narrow

glass cylinder containing the liquid, and by the addition of weights to bring the beam into

the horizontal position.

The use of indicators enables the determination of the specific gravity of a liquid to

be performed with still greater rapidity ; though the values obtained by this method are

only approximate, they are sufficient for all practical purposes connected with the determina-

tion of precious stones. There are used as indicators either small, differently weighted glass

bulbs, known as specific gravity beads, or small mineral fragments of different specific

gravities, ranging by small amounts from the specific gravity of the lightest to that of the

heaviest of precious stones. The following minerals, among many others, may be selected

for such a series of indicators : chalcedony (sp. gr. = 2*560), microcline (sp. gr. = 2*591),

petalite (sp. gr. = 2*648), labradorite (sp. gr. = 2*686), calcite (sp. gr. = 2*728), &c, this

being a portion of a series of indicators suitable for the use under discussion.

Such a series would be used in the following manner : When the liquid has been so

diluted that its specific gravity is identical with that of the stone to be determined, the

lightest of the series of indicators, chalcedony, say, is put into it. Should it float it is

taken out (and should be washed with benzene), and each of the series tried in succession

until one is found which sinks to the bottom of the vessel. To take a special case, let us

suppose that petalite floats while labradorite sinks. We should then know that the specific

gravity of the liquid, and therefore of the stone under examination, lies between 2*648 and

2*686. There would then be a probability, or at least a possibility, that the stone is quartz

(rock-crystal, amethyst, &c), which has a specific gravity of 2*65. In practice, a set of

mineral fragments, the specific gravity of each of which has been accurately determined,

should be kept solely for use as indicators, and it should be possible to readily distin-

guish one fragment from another.

The method of determining specific gravity by the aid of heavy liquids, and specially

by that of methylene iodide, has the advantage of giving results which are quickly and
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easily arrived at and sufficiently accurate for practical purposes ; moreover, it is equally

useful in the case of fragments or even splinters of material so small that with other

methods the result would be unreliable. Unfortunately, however, the application of this

particular liquid is limited tö the determination of stones whose specific gravity does not

exceed 3'3. It is true that other liquids are known having a greater specific gravity than

that of methylene iodide, but each has some disadvantage and fails to fulfil all the necessary

conditions mentioned above.

The density of methylene iodide may be increased to 3*6 by dissolving in it iodine and

iodoform to the point of saturation. Stones with a specific gravity of 3*6 will then remain

suspended at any point in the liquid, while those that float can be made to remain suspended

by diluting the solution with benzene or pure methylene iodide. As before, the specific

gravity of the liquid can be determined by the help of a series of indicators, or by WestphaFs

balance. The denser liquid obtained in the way just mentioned has the disadvantage of

being deeply coloured and almost opaque ; it is therefore difficult to observe the movements

of a stone immersed in it, and to determine at a glance its approximate specific gravity.

Nevertheless, in the absence of a better substitute it must be made use of, and is valuable

in certain cases.

Recently, however, a liquid has been discovered even heavier than methylene iodide

saturated with iodine and iodoform, dense enough, in fact, for the determination of the

heaviest of precious stones. This is a double nitrate of silver and thallium, with the

chemical formula AgTl(N0
3)2 , which, although solid at the ordinary temperatures, melts

at 75° C. to a perfectly clear and transparent liquid with a mobility equal to that of water.

It has a specific gravity of about 4'8, and in it the heaviest of transparent precious stones,

namely, zircon, will float. It is miscible in all proportions with water, and hence liquids of

any required density can be obtained by simple dilution. When the liquid has been so

diluted that its specific gravity is identical with that of the stone under examination, its

value can be found by means of Westphal's balance, or by the aid of a series of indicators,

the latter being the more convenient with this liquid.

Such a determination presents rather more difficulty than one performed with methy-

lene iodide, inasmuch as the liquid must be kept at a certain temperature. For this

purpose the solid silver thallium nitrate is placed in a thin glass beaker of about the size

and shape of the vessel shown in Figs. 5 and 7, and heated on a water-bath or over a small

spirit or gas flame until it fuses. A little water is then added ; this not only lowers the

specific gravity but also the temperature at which fusion takes place, the melting-point

sinking to 60° or even to 50° C, a fact which adds considerably to the value of the liquid

for practical use. In diluting the liquid with water, great care must be taken to avoid

adding too much, since a small amount of water will make a considerable difference in the

density of the mixture. This mistake can be avoided by adding a little too much water at

first, and then driving off the excess by evaporation, constantly stirring and watching the

behaviour of the stone, which will show when the density of the liquid becomes identical

with its own by remaining suspended at any point. Since the specific gravity of the liquid

varies not inconsiderably with the temperature, it is important that it should be determined

either by indicators or by WestphaTs balance at the temperature the liquid had when the

stone was observed to remain suspended in it. By means of this heavy liquid, then, the

specific gravity of the heaviest of precious stones may be determined with a sufficient decree

of accuracy, the only exceptions being those with metallic lustre, namely, iron-pyrites and

haematite, which are sometimes used for ornamental purposes.

For the practical worker in precious stones, the determination of specific gravity is
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simply a means to an end, namely, the discrimination of stones similar in appearance and the

identification of others. Hence it is often only necessary to ascertain whether the specific

gravity of any particular stone exceeds a certain value. As an example, let us suppose

that a doubt exists as to whether a colourless stone is rock-crystal (quartz, sp. gr. = 265) or

topaz (sp. gr. = 3*5) ; by simply placing it in methylene iodide (sp. gr. = 3'3) the doubt is

settled at once, for if rock-crystal it will float, but if topaz it will sink.

Methods such as this can be very advantageously used for the rapid discrimination of

precious stones. It is necessary, however, to be provided with a series of liquids of various

known densities in which the stone under examination may be dropped. The approximate

value of its specific gravity can be learnt by simply observing its movement upwards or

downwards in these liquids. As has been pointed out before, a slow movement up or down

indicates that the difference in specific gravity between the stone and the liquid is small ; a

quick movement indicates a greater difference ; while an absence of movement shows that the

specific gravity of the stone is identical with that of the liquid.

In practice a good series is furnished by the following four liquids :

No. 1. Methylene iodide saturated with iodine and iodoform. Specific gravity = 3*6.

No. 2. Pure methylene iodide. Specific gravity = 3*3.

No. 3. Methylene iodide diluted with benzene. Specific gravity = 3'0.

No. 4. Methylene iodide further diluted with benzene. Specific gravity = 2 -65.

The liquids of this series may be numbered consecutively from the heaviest to the

lightest, and will be frequently referred to below as liquids No. 1, No. 2, No. 3, and No. 4.

With such a series of liquids it is possible to make an approximate determination of

the specific gravity of almost any precious stone with great ease and rapidity, and this will

be of considerable aid in its recognition. The stone under observation should be first

placed in liquid No. 1 ; should it sink, which can be easily seen in spite of the deep colour

of the liquid, its specific gravity is greater than 3*6. If, on the other hand, it rises to the

surface, it must be removed with a pair of forceps, wiped with a cloth moistened with

benzene, and placed in liquid No. 2. Should it sink in this liquid, we then know that its

specific gravity lies between 36 and 33 ; if it remains suspended then its specific gravity is

exactly 3*3. If, on the contrary, it floats to the surface, it must be taken out and placed

successively in liquids No. 3 and No. 4, and similar observations made. When a stone

slowly sinks or slowly rises in either of the liquids we know that its specific gravity is slightly

greater or slightly less than that of the liquid. A stone of specific gravity 3*02, for example,

would slowly sink in liquid No. 3.

The series of liquids for such determinations should be kept ready to hand in wide-

mouthed glass bottles properly labelled and closed with ground-glass stoppers. The latter

precaution is to avoid evaporation of the methylene iodide, which is somewhat expensive

(four shillings per ounce), and of the very volatile benzene, and thus prevent alterations in

the specific gravity of the liquids. When not in use the bottles should be kept in a dark

place, since exposure to light causes methylene iodide to slowly decompose with separation

of iodine which darkens the liquid. When after long use, methylene iodide has become dark

in colour it may be decolourised by shaking it up with a dilute solution of caustic potash,

which must afterwards be poured off or removed by means of a separating funnel.

The specific gravity of the four standard liquids is very liable to change, partly on
account of evaporation and partly on account of the small quantities of liquid introduced

with the stones if they are not well dried after immersion, Hence the specific gravity of

each of the four liquids must be frequently checked by means of WestphaPs balance or,
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better still, by the use of indicators. These indicators may conveniently be kept in the
bottles ; each should be chosen so that its specific gravity is near that of the liquid in
which it is to be kept. When the indicators show that the specific gravity of any one liquid
has altered, this may usually* be corrected by simply adding more benzene.

A crystal or fragment of quartz (sp. gr. = 265) is a good indicator for liquid No. 4, and
should always remain suspended in the liquid. Liquid No. 3 may contain as indicators a
phenakite (sp. gr. = 2'95) and a rose-red tourmaline (sp. gr. = 3'02); the former will float

and the latter slowly sink if the liquid is of the correct specific gravity. In liquid No. 2
dioptase (sp. gr. = 329) should float and olivine (sp. gr. = 3-33) should slowly sink. Finally

in liquid No. 1 topaz (sp. gr. = 3"55) must float and hecsonite (sp. gr. = 365) must sink.

These four liquids enable us to classify for purposes of identification all precious stones

according to their specific gravity into five groups, namely

:

I. Stones with a specific gravity greater than 3*6.

II- ,, ,, „ „ between 3-3 and 3*6.

-*•-'"*-
>j » jj jj )j o'y) ,, o"o.

J- V

.

,, ,, ,, j, jj 2.bo ,, o'u.

V. „ „ „ „ of 2-65 „ less.

The stones of group I. will sink in each of the four liquids, while those of other groups

will float in one or other of the liquids.

As an example of the help such a series of liquids can give in the identification of a

precious stone, let us suppose that a doubt exists as to whether a colourless, transparent stone is

rock-crystal (sp. gr. = 2*65), phenakite (sp. gr. = 2*95), or colourless tourmaline (sp. gr. = 3*02).

If it remains suspended when placed in liquid No. 1 it must be quartz. If it sinks in liquid

No. 4 but floats in liquid No. 3 it will be phenakite ; if, on the other hand, it sinks in No. 3

it must be tourmaline. Supposing the unknown, colourless stone should be either diamond

(sp. gr. = 35) or zircon (sp. gr. = 4*65), then in the former case it will float in liquid No. 4,

and in the latter case it will sink.

It is important that while observations are being made the liquids should be at the

ordinarv temperature (15 — 20° C. = 59— 68° F.), and should not be subjected to any great

variations in this condition, since, as was noted above, the specific gravity of methylene

iodide is considerably altered by changes of temperature.

In the third section of this book, which deals with the determination of precious stones,

full use will be made of these four liquids, and of the convenient classification of precious

stones into five groups, based on their differences in specific gravity. At this point it will

be useful to give a tabular list of the more important precious stones, arranged according to

their specific gravity from the heaviest to the lightest, and divided into the five groups as

determined by their behaviour in the four standard liquids. As already mentioned, the

specific gravity of any one precious stone shows small variations, which are indicated in the

table.
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Precious Stones arranged according to Specific Gravity.

Group I. (sp. gr = 36 or more) . 3-05

Zircon .... 4-6—4-7 Fluor-spar 3-02—3-19

Almandine 4-11—4-23 Tourmaline (rose-red) . 3-02

Ruby .... . 4-08 „ (colourless) . 3-02

Sapphire.... . 4-06

"Cape Ruby" . 3-86
Group IV. (sp. gr . = 2-65—30).

Demantoid . 3-83 Nephrite . . 3-0

Staurolite 3-73—3-74 Phenakite . . 2-95

Pyrope .... 3-69—3-78 Turquoise 2-6—2-8

Chrysoberyl 3-68—3-78 Labradorite . 2-70

Kyanite .... 3-60—370 Aquamarine • 2-68—2-75

Hessonite 3-60—3-65 Beryl 2-68—2-75

Spinel .... 3-60—363 Emerald . . 2-67

Group II. (sp. gr. = 3-3—36). Group V. (sp. gr. = 2-65 and less).

Topaz 3-50—3-56 Quartz
• 1

Diamond.... 3 50—3-52 Smoky-quartz
[ 2-65

Epidote .... 3-35—3-50 Amethyst
Idocrase .... 3-35—3-45 Citrine

'

J
Sphene .... 3*35—3*45 Jasper

. ^
2-65Olivine .... 3-33—3-37 Hornstone

Chrysoprase
Group III. (sp. gr. = 3-0—3-3). Cordierite 2-60—2-65

Jadeite .... . 33 Chalcedony
"} 2-60

Axinite . 3-29—3-30 Agate, &c.

Diopside .... 3-2—33 Obsidian . ,
2-5—2-6

Dioptase . . 3-29 Adularia . . 2-55

Andalusite 3-17—3-19 Haüynite .
2-4—2-5

Apatite .... 3-16—3-22 Lapis-lazuli . . 2-4

Spodumene . 3-15—3-20 Moldavite . 2-36

Tourmaline (green) . 3-1 Opal 2-19—2-2

„ (blue) . . 31 Jet . —1-35

„ (red) . . 3-08 Amber .
1=0—1-1

B. CLEAVAGE.

It has previously been briefly pointed out that crystallised bodies are distinguished

rom amorphous bodies by certain peculiarities of internal structure. Whereas the substance

of an amorphous body possesses identical properties in every direction through it, the

substance of a crystallised body possesses different properties in different directions. An
important character of crystallised bodies, and one which shows considerable variation in

different directions, is the degree of cohesion existing between the ultimate crystalline

particles of which the mass is built up. In many such bodies the cohesion in certain

directions is so feeble that a slight blow is sufficient to cause them to break into fragments.

On examination, these fragments will be found to possess perfectly plane surfaces, which are

the surfaces of minimum cohesion in the substance. This phenomenon is shown to per-

fection by calcite, a crystal of which, if allowed to fall, will break into fragments bounded by
perfectly bright and even surfaces.

The best way to produce this separation or splitting along plane surfaces is to place a
chisel or knife edge on the crystal in the proper position, and to drive it in with a single

sharp blow from a hammer.
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Fig. 8. Cleavage of calcite.

will not split

The direction within a crystal, along which there is minimum cohesion, is known as the

direction ofcleavage, and the plane surface of separation is known as the cleavageface. The
cleavage directions and faces are always identical both in number and direction in all

specimens of the same mineral species. The ease with which cleavage takes place, and the

perfection of the resulting cleavage faces, are also constant in all

specimens of the same species, but different in different species.

Some minerals exhibit little or no cleavage, while in others, notably

calcite, cleavage is produced very easily, and the surfaces of separa-

tion are perfectly bright, smooth, and even.

Among precious stones possessing the property of cleavage to

a high degree may be mentioned topaz, which cleaves in one

direction, and diamond which cleaves in four directions. In others,

as, for example, emerald, cleavage takes place with difficulty, and

the cleavage faces are uneven and frequently interrupted by
irregular areas. Quartz, garnet, tourmaline, &c, are other

examples of precious stones possessing no distinct cleavage ; the

difference of cohesion in different directions being so small that the stones

along plane surfaces.

In amorphous bodies, as, for instance, opal, the degreeof cohesion between the constituent

particles, like all other physical characters, is identical in every direction, so that here plane

cleavage faces are impossible, and as a fact never occur. When a body shows sure indications

that it possesses the property of cleavage, we are safe in inferring from that fact alone that

the material of which the body is composed is crystallised and not amorphous. Hence it is

sometimes possible to distinguish between a genuine crystallised precious stone and a glass

imitation, since glass, being amorphous, can have no cleavage.

If in the same crystal there are three or more directions of cleavage, it will then be

possible to develop out of it by cleavage a body bounded entirely by cleavage faces ; such a

body is known as the cleavageform of that particular crystal. Calcite, for example, cleaves

with equal facility in three directions, inclined to one another at equal oblique angles. It

is therefore possible to obtain from any crystal of calcite a cleavage fragment having the

form of a rhombohedron, a solid figure which resembles a cube with two of the opposite

corners pressed together. In the same way, the four cleavages of diamond will give a cleavage

form identical with the regular octahedron.

Such cleavage forms resemble natural crystals in possessing plane regular faces, but

whereas in crystals these faces are the result of natural growth, in cleavage forms they have

been produced by artificial means. In connection with the cutting of precious stones and

the purposes to which they are to be applied, a knowledge of the cleavage possessed by

different stones is most desirable. The property of cleavage considered from this point of

view will be treated in detail under the descriptions of individual stones.

Cleavage frequently affords a simple means by which a stone in the rough condition

may be identified or distinguished from others of similar appearance. As we have already

seen, the cleavage directions and faces are always identical in number, direction, and quality

in all specimens of the same mineral species, and in general differ from those of other species.

The cleavage of a stone is thus one of its characteristic and distinguishing features. As an

example of the use which can be made of this character, let us suppose a case in which it

might be very difficult to decide which of two stones is an aquamarine, and which a certain

colour-variety of topaz, both being of a sea-green colour and very similar in general appear-

ance. Aquamarine has a very imperfect cleavage in one direction, while topaz has a perfect
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cleavage also in one direction. Should one of the stones show a distinct cleavage, there can

then be no doubt that it is topaz and not aquamarine. If, however, no distinct cleavage

can be made out, the evidence must be considered as negative, since a cleavage face need not

necessarily be developed or outwardly visible even on a mineral which cleaves with great

facility.

The cleavage of a mineral is not always expressed as a cleavage surface forming one of

the external boundaries to the stone. Fairly perfect cleavage is often indicated by the

presence of plane cracks running in a certain direction inside the crystal itself. Frequently

such crevices give rise to the brilliant rainbow colours of thin films ; the film here being air

or simply a vacuous space. The cleavage of the stone is thus manifested by these iridescent

colours in a very beautiful manner. On a surface parallel to which there is a very perfect

cleavage there is often to be seen a peculiar lustre resembling that of mother-of-pearl

;

this is limited to crystals possessing a perfect cleavage, and hence its occurrence may
be taken as an indication of the presence of such. Even in faceted stones cleavage

may be sometimes recognised by the iridescent colours and pearly lustre due to internal

plane fissures.

From the aesthetic and commercial points of view, however, the presence of such cleavage

fractures in a cut stone is far from desirable, since' they give rise to irregularities in the

reflection and refraction of light which seriously diminish the beauty and consequently the

value of the stone. The presence of cleavage cracks or " feathers " is a very bad fault in a

transparent precious stone, for a small and scarcely noticeable crack may in course of time

extend and cause the stone to break into fragments. Rough stones showing any marked

cleavage cracks are useless for cutting, since in the process they will probably break.

Stones which cleave with great facility should be treated with special care when

mounted as gems, for a fall or blow, or a sudden rise in temperature (arising perhaps from

immersion in hot water), may be sufficient to give rise to, or further develop, a cleavage crack,

which may result in the complete fragmentation of the stone.

Although the property of cleavage in some cases leads to undesirable results, yet

considerable advantage may be derived from it in others. A stone with a distinct

cleavage, such as topaz, too large for a single gem, may be easily reduced by cleaving to any

desired size with no loss of material ; a stone not possessing this property must be sliced to

the required size, a process involving the expenditure of much time and trouble. Again, by

cleavage, portions of rough stones may be easily and quickly removed which otherwise would

have to be got rid of by grinding, a laborious and costly operation. Moreover, the cleavage

fragments can be utilised in the fashioning of smaller gems, and waste of material thus

avoided.

The facile cleavage of the diamond is utilised very largely in the production of cut

stones. As we have already seen, the cleavage form of the diamond is an octahedron, and

this approximates to the shape of a brilliant, which is the form of cutting usually adopted

for the diamond. The first stage in the transformation of a rough diamond into the cut

stone is therefore the development of the octahedral cleavage form, and this is quickly and

easily performed owing to the ready cleavage of the mineral. This property of the

diamond then obviates both the necessity for the laborious and expensive process of grinding

in the production of the cut stone, and also the waste of material consequent on this

process.

Fracture.—The fractured surface of a mineral not possessing the property of cleavage

is not plane, but uneven and irregular. The particular character of the fractured

surface, or fracture as it is called for brevity, is different in different minerals, and,
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as it is more or less characteristic, it must be taken into account in the identification

of rough stones.

The fractured surface frequently has the rounded form of a molluscan shell, and
the two surfaces, respectively convex and concave, which fit together, both exhibit

regular, circular ridges and grooves concentric about the point where the specimen

received the blow which caused the fracture. Since these circular markings resemble the

lines of growth on a molluscan shell, this type of fracture is known as a conchoidal

fracture. Perfect conchoidal fracture is shown by artificial glass and also by the natural

volcanic glass, obsidian. The surfaces of the conchoidal fracture may vary in extent»

and also in the degree of curvature, being at times almost plane, hence such fractures

may be distinguished as flat- or deep-conchoidal, and large- or small-conchoidal. The
last, or sub-conchoidal fracture, merges into what is known as uneven fracture. As
mentioned above, the fractured surface may approximate to a plane surface, never,

however, being truly plane ; this is known as even fracture, and is well shown by jasper

:

it merges into the flat- and large-conchoidal types.

Sometimes the fragment separated from a specimen by a blow from a hammer shows on

the fractured surface loosely attached splinters, lighter in colour than the main mass of the

stone. This class of fracture is said to be splintery, and is excellently illustrated by Chryso-

prase. Naturally there may exist every gradation between a typical splintery fracture and

a smooth fracture.

Precious stones are frequently penetrated by cracks which are the forerunners of

fractures. Such cracks considerably lessen the transparency and beauty, and consequently,

the value of a stone ; specimens showing such flaws are avoided by gem-dealers. Though of

rare occurrence in many stones, in others, e.g., emerald, they are often present in great

numbers.

These internal cracks due to fracture resemble the cracks shown by stones possessing a

cleavage in that they often exhibit iridescent colours ; as, for example, is sometimes seen

in rock-crystal. Here, however, the cracks, and the bands of colour to which they give rise,

are more or less markedly curved, and are thus quite distinct from the plane surfaces of

cleavage cracks.

C. HARDNESS.

For a mineral which is to be used as a gem, an important and, indeed, indispensable

property is that of hardness. By the hardness of a mineral is understood the resistance

which it offers to being scratched or marked by another body. The greater the resistance,

the harder the mineral. Only the harder stones, when used as gems, are capable of

preserving unimpaired their transparency, lustre, and play of colours. Softer stones when

newly cut may display all these qualities, but in use they soon become scratched on the

surface, which detracts considerably from their beauty ; a single scratch on the back of

a transparent stone, that is on the side away from the observer, is many times reflected, and

thus the bad effect is multiplied. The beauty of opaque stones is also greatly marred by

scratches, but those on the front side of the stone only will be observable in this case.

The degree of hardness is of considerable importance in identifying and distinguishing

precious stones, and is a character of which the dealer in gems should make frequent use.

Hence the necessity for acquiring a knowledge of the different degrees of hardness possessed

by different stones.

The method of testing the relative hardness of two stones is simplicity itself. A sharp

comer of the one is rubbed with a certain pressure across a smooth surface of the other

;
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the stone which is scratched is the softer of the two, and if neither is scratched the stones

are of equal hardness.

In this way it can be shown that all specimens of the same mineral species have the same

degree of hardness, and that this quality will differ more or less considerably in different

minerals. The hardness of a mineral is, therefore, one of its characteristic features, and it

affords a means whereby precious stones may be identified or distinguished.

From observations on the relative hardness of minerals made in the way just described,

all minerals can be arranged according to the degrees of hardness they possess in a series

ranging from the softest to the hardest. From such a series, the late Viennese mineralogist,

Mohs, selected the hardest, the softest, and eight minerals of intermediate hardness, and with

them constructed a table for use as a scale of hardness. The ten selected minerals were

numbered consecutively from 1 to 10, No. 1 being the softest and No. 10 the hardest,

The scale is given below :

1. Talc. 6. Felspar.

2. Gypsum. 7. Quartz.

3. Calcitc. 8. Topaz.

4. Fluor-spar. 9. Corundum.

5. Apatite. 10. Diamond.

It must be borne in mind that the difference in hardness between any two consecutive

members of this series is by no means identical. Thus, for example, the difference in hardness

between diamond (10) and corundum (9) is vastly greater than between corundum (9) and

topaz (8) ;
greater indeed than the difference which exists between corundum (9) and talc

(1). The different minerals in this scale of hardness are chosen solely with a view to practical

convenience in mineralogy, namely to afford a means whereby the relative hardness of any

mineral may be expressed with clearness and brevity by a number.

To express the hardness of any given stone in this way we must first ascertain to which

member of the scale it corresponds in hardness ; the number of this member then expresses

the hardness of the stone, which may be written H = 8, for example. By this it is under-

stood that the hardness of the stone corresponds to No. 8 on Mohs1

scale, that is, it has the

same hardness as topaz. In the same way, if the hardness of the stone lies between that of

quartz and of topaz, H = 7—8 ; should it be nearer quartz, then H = 1\ ; or nearer topaz,

then H = 7| ; while if it lies apparently midway between them, H = 7|. In the last case

the stone would scratch quartz with the same ease as it is itself scratched by topaz. H = r
l\

means that topaz scratches the stone more easily than the stone itself scratches quartz

;

while H = 7f means that the stone easily scratches quartz but is not so easily scratched by

topaz. Beyond this these numbers have no exact meaning.

Specimens of the ten minerals which form the scale of hardness should be kept specially

for the purpose of determining hardness. They should be crystals with sharp edges and

smooth faces, and of a convenient size. In testing any given stone a sharp edge of the scale

mineral is rubbed over a smooth face of the stone, the scale minerals being used in consecu-

tive order from the softest to the hardest. It is important to distinguish carefully between

a scratch on the surface of the stone undergoing examination and a streak of powder which

may arise from abrasion of the corner of the scale mineral. To avoid this mistake the surface

should be wiped and then examined with a lens.

To take an example, let us suppose that the stone to be tested is not scratched by any

member of the scale until topaz is tried ; its hardness will then lie between 7 and 8. If it

is not capable of itself scratching quartz its hardness is exactly that of quartz, namely, 7.

Should the quartz, however, be scratched by the stone, its hardness is then H = 7— 8, or, as
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explained above, it may be fixed at H = 7£, 7J, or 7f according as its hardness approximates
more nearly to that of quartz, lies midway between that of quartz and topaz, or approaches
more nearly to that of topaz.

It is sometimes sufficient to determine the hardness of a stone approximately, and,
in such cases, when the exact degree of hardness is not required, the scale of hardness need
not be used. The softest mineral, talc (No. 1 of the scale), is greasy to the touch. No. 2
on the scale, namely gypsum, can be easily scratched with the finger-nail, but this is

impossible in the case of calcite (No. 3). A knife scratches calcite easily, fluor-spar (No. 4)

less easily, apatite (No. 5) still less easily, and felspar (No. 6) only with difficulty, while

quartz (No. 7) cannot be scratched at all with a knife. Quartz and members higher in the

scale will strike fire with steel more or less readily, while felspar (No. 6) only does this

with difficulty and to a small extent, and lower members of the scale not at all. Minerals

harder than apatite (No. 5) are capable of scratching ordinary window-glass, and this

substance may be fixed approximately at No. 5 in the scale of hardness. The more a mineral

exceeds apatite in hardness the more easily will it scratch glass.

Minerals used as precious stones have the highest degree of hardness. The hardness of

the most valuable corresponds to Nos. 10, 9, and 8 on the scale ; those of less value have

a hardness denoted by 7, rarely lower than this. Hardness above that of quartz is therefore

known as gem-hardness ; a mineral below this standard has little application as a gem, since

it will be readily scratched even by dust. Among other constituents, dust contains minute

mineral particles especially of quartz, and in cleaning a stone of hardness less than 7 by

rubbing it with a cloth it will be scratched by these particles of quartz, and in course

of time lose its beauty, becoming dull, rough, and lustreless. Stones of gem-hardness are

not so scratched and damaged. Moreover, if stones of different hardness are allowed to rub

against each other, as may easily happen if several mounted gems are kept together loosely

in a box, then the harder stones will scratch and damage the softer ones. Since diamonds

are usually represented in collections of jewels, all other stones, including ruby and sapphire,

being softer, are liable to suffer if due care in this respect be not taken.

With few exceptions, therefore, precious stones possess a high degree of hardness, and

very nearly all are capable of scratching glass, a substance usually conveniently at hand as

window-glass or as a watch-glass. Since glass naturally will not scratch glass, a genuine

precious stone may be easily distinguished from its imitation in glass by the test of hardness.

As an aid to the identification of a stone, its position in the scale of hardness should be

determined as described above. In the case of a cut stone, however, the process must be

reversed to avoid damage to the stone ; that is, the scratching power of the cut stone must

be tried upon the scale minerals, commencing with the lower members, until the hardest the

stone is capable of scratching is found. In such cases only an approximate value of the

hardness can be arrived at, but it will usually be sufficient.

For such purposes there is no need to use the complete scale of hardness ; the softest as

well as the hardest members may be omitted. As a standard for the fifth degree of hardness

a small plate of glass serves excellently, and is more easily obtainable than a good piece of

apatite. There will be required in addition pieces of felspar, quartz, and topaz. The

quartz should be a colourless transparent crystal (rock-crystal) ; the topaz should have a

smooth, cleavage surface, so that the slightest scratch may be easily and surely recognised

whenever the surface is examined with a lens. For the practical determination of gems the

use of any other than these four members of the scale of hardness is superfluous. The softer

precious stones, with a hardness less than that of apatite, will be recognised by their

incapability of scratching glass ; combined with other easily observed characters, this will
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usually be sufficient to determine the identity of the stone. Stones which are harder than

topaz are but few in number; they are corundum (including ruby and sapphire), chryso-

beryl, and diamond* the hardest of all stones. These stones stand alone in their power of

scratching topaz ; they may be readily distinguished from each other by the specific gravity

or other determinable characters, as in the case of the few stones which do not scratch glass.

Determinations of hardness must be performed on cut stones with the greatest care,

for it is possible that corners of the stone may chip off even when being pressed against a

softer stone, and especially so when the cut stone possesses a good cleavage as in topaz or

diamond. The loss of a corner would not be serious in a rough stone, since, in the process of

cutting, broken edges are removed ; but it would be fatal to the perfection and beauty of a

cut stone. This test of hardness then, though useful in the case of rough stones, must only

be used with caution in the case of valuable cut stones.

In place of the scale of hardness, the use of which has been just explained, the dealer

in precious stones more frequently uses other instruments, and specially a hard steel file.

This easily scratches minerals with a hardness of 5, and only slightly those with a hardness

of 6, giving more or less powder according as the hardness of the stone is less or greater.

Quartz is of about the same hardness as hardened steel of good quality, of which the file

should be made. Stones with a hardness of 7 are therefore only with difficulty marked by

the file, while harder stones will rub and polish the file, which will leave a shining, metallic

mark on the stone. An approximate idea of the hardness of a stone may be obtained from

the pitch of the sound emitted when the file is rubbed on the stone. Provided that stones

similar in size are used for testing, then the harder the stone the higher the note emitted.

In the case of cut stones the file is too clumsy an instrument, and the practical jeweller

uses in its place a pencil of very hard steel furnished with a sharp point. This pencil

scratches felspar easily and glass still more easily ; it scarcely touches quartz, however, and

has no effect on harder stones. The girdle of a cut stone is a suitable part on which a trial

of its hardness may be made ; it being by the girdle that the stone is fixed in its setting, a

small scratch in this region is unnoticed. The steel pencil is especially useful in distin-

guishing genuine precious stones from their softer glass imitations, since the former cannot

be marked by it, while the latter are scratched with ease. As before mentioned, however, the

greatest care is needed in testing cut stones, especially the transparent kinds, so that even

this more refined method has certain limitations.

The hardness of a stone is naturally a question of great importance in the process of

cutting ; the material of the grinding disc and the grinding powder, to be described later,

must be chosen according to the degree of hardness of the stone. When worked under

similar conditions, with the same kind of abrasive material, the harder the stone the longer

and more difficult will be the process of grinding. As a rule also, the harder the stone the

sharper will be its edges and corners when cut, and the more susceptible will be its faces of

a brilliant polish. The edges and corners of softer stones are much less sharp, and con-

sequently these stones have a less pleasing appearance. A high degree of hardness is thus

not only essential for the preservation of the beauty of a stone, but is also one of the

properties on which its beauty depends.

From the time required for grinding a facet on a stone, it is possible to form an estimate

of the hardness of the stone on this facet. It not infrequently happens that a stone can be

more easily and quickly cut in certain directions than in certain others ; moreover, not only

do the different natural faces of a crystal vary in hardness, but the hardness on any face is

not identical in all directions. The hardness of a crystal, therefore, like the other physical

characters, varies with the direction.
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These differences in hardness, however, are usually very small, and require for their

detection an instrument of special construction capable of precise measurement ; such an

instrument is known as a sclerometer. The somewhat rough method of scratching, described

above is useless for the detection of such small differences in hardness ; it is applicable,

however, in the case of kyanite. The hardness in different parts of a crystal of this mineral

varies between that of apatite (5) and that of quartz (7). No other mineral used as a gem

shows variation in hardness between such wide limits. Certain differences in hardness, shown

by different specimens of the same mineral species, may be attributed in part to the fact that

the hardness has been determined in different directions ; this difference in crystallised precious

stones, however, is so small as to be of little importance. In amorphous stones, such as opal,

and in glasses, the hardness, like all other physical characters, is the same in all directions.

Finally, it must be noted that the hardness of a mineral is distinct from its frangi-

bility, the quality on which depends the ease or difficulty with which a stone is broken by

a blow from a hammer. The frangibility of a stone depends not only on its hardness, but

also, and to a great extent, on the quality of cleavage it possesses. Contrary to popular

opinion, the diamond, in spite of its enormous hardness, is very brittle and can be easily

broken to pieces. Certain peculiarities of structure greatly diminish the frangibility of some

minerals ; this is especially the case in those of which the structure is that of a matted

aggregate of very fine fibres or needle-shaped crystals of microscopic size. An example of

such a mineral is furnished by nephrite (jade), which, although its hardness is scarcely equal

to that of felspar, offers a very great resistance to the hammer, and can only be broken with

considerable difficulty. Such substances are described as being tough, while those which

are easily frangible would be described as brittle. A high degree of brittleness is not

a desirable quality in a precious stone, since the stone is liable to be broken in use unless

special care is taken.

In the following table are given all the more important minerals, which may be used as

gems or as ornamental stones, arranged in order of hardness, from the softest to the hardest.

The numbers refer to their degrees of hardness on Moris
1
scale

:

Precious Stones arranged according to Hardness.

Amber 21

Jet . 31

Malachite . 31

Fluor-spar .
4

Dioptase 5

Kyanite 5—7

Haiiynite . 6*

Lapis-lazuli H
Sphene 5|

Haematite . 51

Obsidian 51

Moldavite . 51

Opal . 5£-6!
Nephrite • 6J

Diopside 6

Turquoise .
6

Adularia 6

Amazon-stone 6

Labradorite 6

Iron-pyrites 6

Prehnite • 6J

Epidote 6i

6*

61

6f

n

Demantoid

Idocrase

Olivine

Chalcedony (agate, carnelian, &c.)

Axinite ......
Jadeite ......
Quartz (rock-crystal, amethyst, citrine,

jasper, Chrysoprase, &c.)

Tourmaline

Cordierite ......
Garnet (red)

Andalusite

Staurolite

Euclase .....
Zircon

Beryl (emerald, aquamarine)

Phenakite

Spinel

Topaz

Chrysoberyl ....
Corundum (ruby, sapphire, &c.)

.

Diamond 10

7

1}

74

71

71

71

71

71

7f
72

8i

9
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D. OPTICAL CHARACTERS.

Those qualities of precious stones which depend on their behaviour towards light are

known as optical characters, and are of special interest and importance. The transparency

and lustre, the colour and play of colours of a stone, depend largely on its optical characters.

Moreover these qualities furnish a means whereby the stone may be easily determined, and

with no risk of injury such as accompanies the testing of its hardness. It is important,

therefore, to be acquainted, at least to a certain extent, with the laws of optics, and with

some of the instruments used in the investigation of optical phenomena ; these are dealt with

below as fully as space allows.

1. Transparency.

The majority of precious stones are transparent, but in the uncut condition the free

passage of light through the stone is often obstructed by rough and uneven faces. When
such faces are removed by cutting, and the cut surfaces polished, an apparently cloudy

specimen often becomes beautifully clear and transparent. The transparency of such costly

stones as diamond, ruby, and sapphire, is often very perfect, while the same property exists

m less costly stones, such as rock-crystal and amethyst. The greater the transparency of a

specimen of any given precious stone the more highly is it prized. The only jewels of the

first rank which are not transparent are the noble opal and the turquoise ; in stones of less

value, such as agate, Chrysoprase, malachite, and others, this is more frequently the case.

Transparent bodies allow the free passage of light through their substance ; an object

viewed through a perfectly transparent substance will have no blurred edges, but will present

a clear and sharp outline. A stone which combines complete absence of colour with perfect

transparency, as in diamond and rock-crystal, would be described as water-clear or limpid.

A perfectly water-clear stone with the highest degree of transparency, and free from any

trace of colour, is known to jewellers as a stone of the first or purest water, and stones of this

high quality are especially prized. Should the stone show a very slight cloudiness or tinge

of colour, scarcely noticeable perhaps to the unpractised eye, it is known as a stone of the

second water ; similarly a stone which shows a further departure from the standard of per-

fection in these qualities is known as a stone of the third water. This subject will be again

reverted to under the special description of diamond.

A substance which in a mass of some thickness allows a large proportion, but not all, of

the light emanating from any source to pass through it, is known as a semi-transparent

substance. Any object, for example a flame, viewed through such a substance will not be

seen distinctly, but will be blurred in outline. A substance through which some of the light

of a flame can pass, but through which it is impossible to see even a blurred outline of the

flame, is described as being translucent. As an example of a semi-transparent stone chalce-

dony may be mentioned, while opal is an example of a translucent stone. In some cases

light can only pass through a very thin splinter or a sharp edge of a broken stone ; such

stones are translucent only at their edges, being quite opaque in mass. A chrysoprase held

in front of a light will show a dark centre surrounded by a lighter border. Opaque stones,

even when thin, completely cut off all light, hence when held before a light they present a

uniformly dark outline with no lighter border. Opaque stones then, for example haema-

tite, owe their beauty not to their transparency, but to the fineness of their lustre and

colour.

Different specimens of the same kind of stone vary greatly in transparency, and
consequently in value ; while one specimen may be perfectly transparent, another may be so
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cloudy and opaque as to be useless as a gem. The cloudiness in such a case is due to the

presence of numerous cracks and fissures in the stone, or to foreign matter included in its

substance, either of which obstructs the free passage of light through the stone, scattering it

at the surface.

Cracks and fissures are specially frequent in stones, such as topaz, which possess a good
cleavage. They are not confined to such stones however, but are frequently found in those

which possess no distinct cleavage, such, for instance, as the green emerald, which is almost

always penetrated by numerous cracks. Their presence naturally reduces the transparency

of the stone
;
perfectly faultless specimens of emerald are of the greatest rarity. Enclosures

of foreign matter are of not uncommon occurrence in crystallised minerals. Thus black and

other coloured grains are sometimes found in the substance of diamond, and numerous

scales of mica in that of emerald. These enclosures may be so small as to be only visible

under a high power of the microscope ; when distributed evenly throughout the substance

of the stone, as they usually are, their effect is to make the whole stone cloudy. On the

other hand a few enclosures of larger size will leave portions of the stone clear.

The substance of some precious stones contains enormous numbers of extremely minute

cavities often arranged in strings, and giving rise to a silky or cloudy glimmering or sheen,

which greatly impairs the transparency and beauty of the stone in which they occur. This

kind of cloudiness, present as a fault in precious stones which would otherwise be trans-

parent, is known to jewellers as " silk."
1

The transparency of a mineral is largely dependent upon its structure. While crystals,

at least as far as precious stones are concerned, are usually transparent, an aggregate of small

crystals of the same kind, that is a compact crystalline aggregate, is usually opaque, or at

most translucent. The reason for. this is clear; at the boundaries of each of the minute

constituent grains, fibres or scales of a crystalline aggregate, a certain amount of light will

be scattered and lost, and thus never reach the eye. For this reason chalcedony, Chrysoprase,

&c, are not transparent, although they are built up of minute transparent crystalline grains

of quartz, a mineral which in its most perfectly crystallised and transparent condition is

known as rock-crystal.

The varying degrees of transparency possessed by different precious stones for Röntgen

(X) rays has an important application in their determination ; this will be dealt with in

the third part of the present work.

2. Lustre.

When light falls upon a body a portion of it is thrown back or reflected from the

surface, while another portion enters its substance. It is the portion of light reflected from

the surface on which depends the lustre of the body.

The lustre of a body varies with the proportion of light reflected at its surface

;

hence different degrees of intensity of lustre, distinguished as splendent, shining,

glistening, glimmering, and dull, exist in different stones. The lustre of a perfectly smooth

surface, reflecting a sharp image of an object, is splendent ; a surface which reflects a less

sharp image is shining ; the image reflected from a surface of glistening lustre is still less

sharp ; a surface giving only a feeble reflection has glimmering lustre ; lastly, a dull surface

reflects no light.

The lustre of most precious stones, especially the more valuable, is splendent, as is

often seen on the natural faces of a crystal, but more frequently when the stone has been cut

and polished. A high degree of lustre adds very considerably to the beauty of a stone, and

the object of polishing is to render this quality as perfect as possible. What is known as
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the " fire " of a precious stone is connected with its lustre, and this quality only exists with a

specially high degree of lustre ; the term " fire " has, however, sometimes another meaning,

as we shall see further on under Optical Dispersion. Very few of the more valuable precious

stones are devoid, in the cut condition, of a brilliant lustre ; of these the most important is

turquoise, which, even after being polished to the fullest possible extent, shows a certain

dulness of surface. This is due to a certain extent to the softer character of the stone ; for

the harder precious stones, such as diamond and ruby, are susceptible of a higher degree

of polish than the softer stones, such as turquoise.

Each kind of stone is capable of receiving a certain degree of polish depending on the

physical characters of its substance. And while there is for every stone a certain maximum
lustre, which cannot be exceeded, even with the most persistent polishing, this lustre may
often, from a variety of causes, fall below the maximum.

Different precious stones are not only characterised by different degrees of intensity of

lustre, but also by different kinds of lustre ; and this in many cases enables one to

distinguish stones which are otherwise similar in appearance. Thus it would be possible

for the least practised eye to distinguish at a glance a genuine diamond from its imitation

in rock-crystal, simply by the difference in lustre. '

Degree of lustre and kind of lustre are both loosely referred to as lustre. Though it

has been attempted to give some idea of the different degrees of lustre existing in different

stones, yet no adequate conception of the different kinds of lustre can be derived from a

mere verbal description. It is far preferable to acquaint oneself with the different kinds of

lustre by actually comparing substances showing the different kinds. Thus a piece of

burnished metal, a sheet of glass, a polished diamond, the mother-of-pearl lining of a shell,

a layer of greasy oil, or a piece of satin, may each possess a high degree of lustre, the quality

or kind of which is however different in every case. The different kinds of lustre exhibited

by the substances just mentioned are taken as types ; and the different kinds of lustre

existing in minerals can be referred to one or other of these types. Thus we have metallic

lustre, glassy or vitreous lustre, adamantine (diamond) lustre, pearly lustre, greasy lustre, and

silky or satiny lustre ; while more minutely descriptive terms can be derived from these, as,

for example, metallic-adamantine, metallic-pearly, &c.

In the description of a mineral it is important to be able to recognise and name its

particular kind of lustre. As explained above, each kind differs in intensity, so that we may
have strong or feeble vitreous lustre, &c. Both degree and kind of lustre depend on the

properties of the particular substance and are therefore, under certain conditions,

characteristic of that substance. It is, however, to be noted that the kind of lustre may be

considerably modified by certain peculiarities of structure shown by a mineral, so that it si

not an invariable character of a mineral species. The kind of lustre depends not only on

light reflected from the surface of a stone, but also, in part, on light which has penetrated

into its substance and suffered some modification before again passing out. As examples of

this influence of structure on lustre may be cited the silky lustre of satin-spar, a finely

fibrous variety of calcite, and the greasy lustre of elaeolite, a variety of nepheline containing

vast numbers of microscopic enclosures ; contrasted with these is the vitreous lustre shown

by the more usual varieties of the minerals calcite and nepheline.

Metallic lustre, being exhibited exclusively by perfectly opaque substances, is found

in only a few of the less important precious stones, as, for example, haematite.

Vitreous lustre, on the other hand, is best shown by perfectly transparent minerals,

and is of very frequent occurrence ; it is present to a more or less marked degree in the

majority of transparent precious stones, such as rock-crystal, topaz, ruby, sapphire, emerald,
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and others. It is, however, liable to be modified in substances possessing certain properties
;

thus, should a substance possess a high refractive index and also a high dispersion,

the vitreous lustre will pass into adamantine lustre, which, again, may show an
approach to metallic lustre. Characteristic adamantine lustre is possessed only by
diamond, but an approach to it is shown by zircon, especially when colourless.

Silky or satiny lustre is exhibited by minerals possessing a finely fibrous structure,

as, for example, the ornamental stone satin-spar, the fine green malachite, and the golden
tiger-eye.

Pearly lustre is exhibited exclusively in those faces of crystals parallel to which
there is a direction of perfect cleavage, and then only when cleavage cracks have been
developed in the interior of the crystal. Topaz, felspar (the moonstone variety), and other

stones, sometimes show pearly lustre, but only on faces parallel to the perfect cleavage ; all

other faces have the usual vitreous lustre.

Greasy lustre appears to be associated with the presence of numerous microscopically

small enclosures, which in many minerals are of constant occurrence. Elaeolite, which is

sometimes cut for ornamental purposes, shows a typical greasy lustre ; other minerals, such

as olivine, of which the lustre is usually vitreous, may show an approach to greasy lustre.

The lustre of some minerals, as, for example, turquoise, resembles that of wax, and is

described as waxy lustre. Others, again, have the lustre of resin : resinous
lustre is shown by many garnets, such, for instance, as hessonite, which, when massive,

sometimes closely resembles resin in appearance.

3. Refraction of Light.

The refraction of light, and the phenomena connected with it, have an important

bearing on the study of precious stones.

We have already noticed that of the light which falls upon a transparent body, such

as a precious stone, a portion is reflected at the surface, while another portion enters its

substance and is propagated in straight lines through it. When the incident ray of light

strikes the bounding surface of the transparent body per-

pendicularly, the light which passes into the interior of the r

body is propagated in the same direction as that of the &/ G\ y\
incident ray. If, however, the incident ray strikes the surface / q\_ _/.....^>^z

obliquely, the path taken by the light through the substance

of the body will not coincide in direction with the incident

ray, but will be in a new direction ; the ray may then be said

to be bent or refracted.

In Fig. 9 let MX be the surface of separation between B~ !-—--""

the transparent body (precious stone), *S*, and the air, L. A
single ray of light travelling in air in the direction AC, and IG

' .
'

e rac lon ° JS

f #

J ° °
#

passing into a precious stone.

striking the separating surface at C, will not be propagated

in the stone in the same straight line, namely, along CK, but will be bent or refracted

into the direction CB. CB is then the refracted ray corresponding to the incident ray AC.

The directions AC and CB, and also DE, the normal to the surface at C, all lie in the

same plane, which is perpendicular to MN, and in Fig. 9 is the plane of the paper. This

plane is known as the plane of incidence. Whenever light passes from air into a stone, the

refracted ray CB is always nearer the normal DE than is the incident ray AC; that is, the

light is bent towards the normal. This may be expressed otherwise by stating that the

angle of incidence, ACD, is greater than the angle of refraction BCE.
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When the angle of incidence is greater than ACD, the angle of refraction will be

greater than BCE. In Fig. 9, let A^C represent another ray of light in the same plane of

incidence, such that the angle of incidence A
XCD is greater than ACD, then the

corresponding refracted ray is represented by CBV It will be seen from the figure that

the angle of refraction B
X
CE is greater than BCE, which is the angle of refraction

corresponding to the angle of incidence ACD. Similarly in every case the angle of

refraction varies with the angle of incidence, and this variation is governed by a definite

law, namely, the law of refraction.

In the plane of incidence and with C as centre (Fig. 9), let a circle of any convenient

radius be drawn. Let the circle cut the incident rays AC and A
X
C at the points A and Av

and the refracted rays BC and B
X
C at the points B and Bv From these points drop

perpendiculars, AC, A1GV BF, B
1
F

1
upon the normal DE. Then the ratio of the

perpendicular AG to the corresponding perpendicular BF is the same as the ratio A
1
G1

to

B-JF^ and will always be constant for the same substance whatever may be the angle of

incidence. Hence, when light passes from air into any particular stone, the following

relation holds for all rays

:

AG A
XGX

BF " B
1
F

l
~ ~ n>

where n is a constant for that particular substance, but is different for different substances.

This constant n is known as the refractive co-efficient, the refractive index, or the index of

refraction of the substance. As just pointed out, the refractive index is independent of

the angle of incidence ; it has a certain definite value in all specimens of the same kind of

precious stone, and will be different in different stones.

Since, in the passage of light from the air into a stone, the angle of incidence is always

greater than the angle of refraction, it is easily seen from Fig. 9 that the perpendiculars

AG and A
1
G

1
will always be greater than the perpendiculars BF and B

1
F

1 \ the index

of refraction of all precious stones is therefore, when compared with that of air, always

greater than unity.

The index of refraction of a stone can be determined accurately to several places of

decimals by various methods. For the purpose of identifying precious stones, however,

such a degree of accuracy is unnecessary, and refractive indices will be given here, as a rule,

to only two decimal places. The following values may be given as examples, that of air, of

course, being 1 :

Water n — 1*33

Fluor-spar n — 1*44

Spinel n == 1*71

Garnet n = 1*77

Diamond n = 2*43

In passing from air into any of these substances, the bending of the rays of light is

greater the greater the refractive index of the substance, and conversely. The value of the

refractive index is in many precious stones very high, but is far higher in diamond than in

any other gem. The values for other stones will be given under the special description of

each. In comparing two substances with different refractive indices, the one with the

higher refractive index is known as the u optically denser" substance, while the other would

be described as the " optically rarer " ; thus precious stones are "optically denser
1
' than

water or air.

A ray of light in passing from air into a stone immersed in liquid will be twice bent

;

once at the surface of separation between the air and the liquid, and again at the surface of
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separation between the stone and the liquid. The amount of bending depends in each case

upon the difference in the refractive indices of the two media through which the ray passes.

Thus, if the refractive index of the liquid is much greater than that of air, the ray of light

will be much bent in passing from air into the liquid. Similarly, if the refractive index of

the stone is not much greater than that of the liquid, the ray will experience but little

bending when entering the stone ; while if the index of refraction of the stone and that of

the liquid are identical, there will be no bending of the ray of light, and it will travel

through both in the same straight line.

The use of methylene iodide in determining specific gravities has already been

described. Another of its convenient properties is a very high index of refraction, the

value of which, moreover, can be diminished by diluting the liquid with benzene. If a

stone be immersed in methylene iodide so diluted with benzene that the refractive index of

the liquid is the same as that of the stone, there will be no bending of the rays of light,

and they will pass in straight lines through the liquid and the stone. Provided that the

liquid and the stone are of the same colour, the result will be that the latter becomes

invisible and cannot be detected. If the index of refraction of the liquid be changed by

the addition of benzene or of methylene iodide, the boundaries of the stone will become

visible ; its outlines will grow sharper and more distinct as the difference between its

refractive index and that of the liquid is increased by the further addition of either one or

other of the liquids.

The phenomenon just described is sometimes made use of for the purpose of discovering

hidden cracks, enclosures, and other flaws in precious stones. The stone is immersed in a

strongly refracting liquid such as methylene iodide ; its external boundaries will then

become less distinct or, if the stone has the same refractive index as that of methylene iodide,

invisible. Any flaws in the interior of the stone will thus be rendered prominent and can

be easily seen

.

Light is refracted not only when passing from an optically rarer into an optically

denser medium, as, for instance, from air into precious stone, but also in the reverse case,

as, for example, when a ray of light in a stone passes out into the air. In the

passage of light from a denser to a rarer medium, the law of

refraction still holds good. We shall see from Fig. 10, however,

that the refracted ray is in this case bent away from the normal,

or, in other words, the angle of incidence is less than the angle

of refraction ; while in the previous case the refracted ray was m
bent towards the normal, and consequently the angle of incidence /
was greater than the angle of refraction. /

In Fig. 10, let MN be the surface of separation between the

stone Sand the air L. It will be seen that the angle of incidence

ACD of the rav AC in the stone is less than the ancrle of refraction Fig. 10. Refraction of light

BCE of the refracted ray; also that the refracted ray BC is bent £n£
a8ing °

Ut
°
f

*
preC1°US

away from the normal. In this case also, the bending of the ray

is greater the greater the index of refraction of the stone,- but the amount of bending is

the same whether the light passes from stone to air or vice versa. In one case the light

travels in the direction ACB, and in the other in the direction BCA.

In the case also of the passage of light from a denser to a rarer medium, the angle of

refraction increases with the angle of incidence. In Fig. 11, where MN is the surface of

separation between the precious stone S and the air /., the ray AC, incident upon the

surface MN at C is bent into the direction CB, A X
C into the direction CBV and so on. As
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Fig. 11. Total reflection.

the angle of incidence ACD becomes greater and greater so the angle of refraction BCE
also becomes greater and greater. When the angle of incidence reaches a certain value,

represented by A
2
CD, the corresponding angle of refraction B

2
CE will be a right-angle ;

the refracted ray will then emerge from the stone in a direction parallel to the bounding

surface MN
Obviously at 90° the angle of refraction has reached its maximum value and no further

increase is possible. Should the angle of inci-

dence now be increased, even by a small amount,

it will then be impossible for the ray of light

to leave the stone, and it will be refracted no

longer, but simply reflected by the bounding

surface back into the stone. In Fig. 11, the

incident ray A 3C is reflected from the surface

MN, along the line CB
S

inside the stone.

This takes place according to the usual laws

of reflection, the angle of incidence A
3
CD

being equal to the angle of reflection B3CD.

In the same way, every ray incident upon the

surface MN at a greater angle than A
2
CD,

will be unable to pass out of the stone, and will be reflected back again by the surface

MN ; A±CB±, for example, is the path of such a ray and its reflection.

When light, travelling in one medium, as, for example, air, strikes the surface of a

denser medium, such as a precious stone, a portion of it enters the stone and is refracted as

described above, while the remaining portion is reflected from the surface. This takes

place invariably, whatever may be the angle at which the incident light strikes the surface of

the denser medium. In the reverse case, when light travelling in one medium, for example a

precious stone, strikes the surface of a rarer medium, for instance air, the same thing may
happen, that is, the light may be partly reflected and partly refracted, but this does not

happen invariably as in the former case.

It was seen from Fig. 11, that when the angle of incidence exceeds a certain fixed value

(A
2
CD) the light is not refracted at all, but is reflected from the bounding surface back

into the stone. In all other cases, as has been shown, light incident upon the surface of

separation of two media is divided into a refracted portion and a reflected portion. Since

in this particular case the light is not so divided, but the whole of it is reflected, this

kind of reflection is known as internal total reflection, or, briefly, as total reflection.

Total reflection takes place at the surface of separation of two media only when the

light travelling in the denser medium strikes the surface at an angle exceeding a certain

degree of obliquity. Total reflection never takes place when light passes from a rarer to a

denser medium. In this case there will always be refraction, for when the incident angle

reaches a maximum of 90°, since the refracted ray is bent towards the normal, the angle of

refraction will be less than 90°, and the light will pass out of the rarer into the denser

medium. It is always possible then for light to pass from air into a precious stone, but it

cannot pass out again unless it strikes the surface of the stone at an angle not exceeding a

certain degree of obliquity.

The limiting angle A
2
CD in Fig. 11 is known as the critical angle or the angle of

total reflection. Its value depends upon the refractive indices of the two substances at the

boundary of which reflection and refraction takes place. The greater the difference in the

refractive indices the smaller will be the angle of total reflection, A
2
CD. If the difference
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Fig. 12. Total reflection

in diamond when surrounded

by air.

is very small the incident ray will make a large angle with the normal before total reflection

takes place.

In diamond, which has a very high refractive index relative to air, the angle of total

reflection is small, namely £4° 24', which is represented by the

angle A
X
CD in Fig. 12. A ray of light inclined to the normal at

an angle slightly less than A
X
CD will be refracted and pass out

into air in the direction CB
1
while one inclined at a slightly

greater angle will be totally reflected in the stone in the

direction CB\. The ray A
Z
C, making a still larger angle with

the normal, will be totally reflected along CB3 ; while the ray

A
2
C will pass out of the stone along CB

2 , not undergoing total

reflection.

If the optically denser body is, instead of diamond, glass,

having, say, a refractive index of 1*538, then the angle of total

reflection will no longer be 24° 24' but 40° 30', the body, as

before, being surrounded by air. In this case, only those rays which are incident at an

angle greater than 40° 30' will be totally reflected.

Since the angle of total reflection increases when the difference between the refractive

indices of the two media decreases, it follows that the angle of total reflection will be greater

if the stone is surrounded by water instead of air. The angle of total reflection for a diamond

placed in methylene iodide, the refractive index of which is

1-75, will be 46° 19', the angle A
X
CB in Fig. 13. Some of

the rays, the obliquity of which causes them to be totally

reflected when the diamond is surrounded by air, will be

refracted when the surrounding medium is methylene iodide ;

thus fewer rays will in this case be totally reflected. The

use made of this fact will be mentioned later.

Total reflection has a considerable influence on the path

taken by the rays of light in a transparent cut stone. The

beauty of transparent cut stones largely depends on the fact

that the light which falls on the front of the stone is totally

reflected from the facets at the back and passes out again from the front to the eye of

the observer. If the light were allowed to pass out at the back of the stone, the latter

would lose much of its brilliancy ; only when there is total reflection at the back of the

stone does it appear, as it were, to be filled with light. The greater the proportion of light

thus reflected from the back of a stone, the more brilliant will be its appearance. But to

enable us to trace out the exact path of a ray of light in a cut stone, we must first consider

some of the phenomena of refraction rather more closely.

Up to the present we have considered only the behaviour of a ray of light at the

boundary of different bodies, namely, in passing from air into a liquid or into a precious

stone, and vice versa, in passing from a precious stone into air or liquid. By combining

these observations, the complete path of a ray of light passing through a precious stone

is easily arrived at.

In Fig. 14, let MN, PQ, be parallel sides of a transparent body, and let AB be a ray of

light from a source, such as a small bright flame, falling obliquely upon MN On passing

into the plate, the ray is bent towards the normal, DE, and takes the path BC. This

portion of the ray meets the second surface PQ at C, the angle of incidence, BCDV being

equal to the angle of refraction, since the normals are parallel. On passing out into the

Fig. 13. Total reflection in dia-

mond when surrounded by methy-

lene iodide.
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B'/

Fig. 14. Path of a ray of light

through a plate with parallel sides.

air, the ray is again refracted, this time away from the normal, and takes the path CF.

From the geometry of Fig. 14, it is easily seen that the second angle of refraction, FCE^ is

equal to the first angle of incidence, ABD ; and that the paths

of the ray outside the plate, namely AB and CF, are parallel.

The direction of the ray on emerging from the plate is

therefore the same as the original direction, but its path has

been shifted a small distance, represented in Fig. 14 by B'F.

On observing a small object A through a transparent body

with parallel sides, it will be seen in very nearly the position

it really occupies ; this will not be the case however when

the bounding surfaces, MN, NP (Fig. 15), are not parallel.

Let the bounding surfaces, MN, NP, of the transparent

body in Fig. 15 be inclined to each other at an angle MNP.
We are then dealing with the path of a ray of light through

a prism. As before, let the path of the ray of light incident

upon MN be AB ; on entering the solid it will be bent towards the normal GH, and will

take the path BD. On emerging into air, the ray will be bent away from the normal

KL and will take the path DE. The angle between the original

path of the ray in air and its final path is ACF, and this measures

the total amount of bending it has undergone. The source of

light A, if observed through the prism, will appear not in the

position it actually occupies, but at some point on the line ECF
which makes with the direction AB an angle ACF. This angle

varies under different conditions. It will be greater the greater the

refracting angle MNP of the prism, and the greater the refractive

index of the substance of the prism ; it depends also upon the angle

of incidence, ABG. But it has a certain minimum value which cannot

be diminished by either increase or decrease of the angle of incidence ;

this minimum value of the angle ACF is known as the angle of minimum deviation.

In passing through a prism, the differently coloured constituents of white light are

separated, and we have the phenomenon known as dispersion. The beautiful appearance

of many precious stones, and specially of diamond; is due to

their dispersion of light. The coloured constituents of white

light, from a source such as the sun or a lamp, differ not only

in colour but also in refrangibility or capacity for being

refracted. Thus, the refrangibility of red light is the smallest,

~N and that of violet light the greatest ;
yellow, green, and blue

light occupy in this respect intermediate positions in the order

in which they stand.

It follows, then, that though we have hitherto spoken of

a substance as having a single refractive index, this is only

strictly true for monochromatic light, such as that given out

by a Bunsen flame, or a spirit-lamp flame coloured by the

vapour of either of the metals lithium, sodium, thallium, and

indium. If white light be used, the refractive index of the

substance will be different for each constituent of the light, that for red light being the

least and that for violet light the greatest.

When white light passes through a prism, then, the red rays will be deviated or

Fig. 15. Path of a ray

of light through a prism.

Fig. 16. Dispersion of light.
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Fig. 17. Dispersion of light by a

plate with parallel sides.

bent out of their course least, the violet rays most, and the other rays will fall in their

proper order between the two extremes. In Fig. 16 the ray of white light AB falls upon
the surface MN of a refracting substance. Owing to the different refrangibilities of the

constituents of the ray, these latter are separated and we get the original single ray of white

light split up into red (R), yellow (G), green (Gr), blue (Bl), and violet (V), rays, deviating

from each other slightly in direction. Between the rays of the colours just mentioned lie

rays of intermediate tints. The decomposition of white light into its coloured con-

stituents, or the dispersion of light, varies according to the

dispersive poiver of the refracting substance. It is the

more distinct the greater the angle between the extreme

red ray and the extreme violet ray.

We have now to consider the dispersion of the light

which passes through a precious stone. We will take first

the case in which the stone has the form of a plate with

parallel sides, as in F\g. 17, and afterwards the case in

which these bounding surfaces are inclined to each other

and so form a prism.

The ray of white light, AB, falling obliquely on the

surface MN of the precious stone, is split up into the

differently coloured rays lettered BR, BG, BGr, BBl, BV.

These rays pass out of the precious stone at the surface

PQ in the directions RR', VV, &c, all being parallel to the original white ray AB, as

was explained before in connection with Fig. 14. The eye placed at R!V will receive all

these differently coloured rays at the same time and in the same direction ; the effect of

this will be to produce in the eye the sensation of white

light just as if the ray of light from A had not passed

through the plate. With such a parallel-sided plate, then,

a decomposition of white light into its coloured constituents

takes place, but is not observable, since the effect produced

by the first surface is neutralised by the parallelism im-

parted to the rays at the second surface.

The dispersion of light produced by a prism, on the

other hand, is very noticeable, and is illustrated in Fig. 18.

A ray of white light, AB, falls upon the surface MN of the

prism, and is separated into its variously coloured con-

stituents. Between the extreme red ray, BR, and the

extreme violet ray, BV, lie the yellow, green, blue, and

rays of intermediate colours. On passing again into air

at the second surface, NP, of the prism, these rays are

again refracted, and emerge still more widely separated.

The angle between the extreme red ray RR1
and the extreme violet VV

1
is R1

CV
1 ; and, as

before, this measures the amount of the dispersion, and varies with the substance of which

the prism is made. An eye placed at R
X
V

X
will receive this bundle of coloured rays,

diverging apparently from C, the various colours being perfectly distinct and brilliant.

The ray of white light thus gives rise to an elongated band of colour which is known as a

spectrum. The red end of the spectrum lies nearest to the refracting edge, N, of the

prism, and the violet end furthest away from it ; the other colours lying between these

two, and following each other with no break or interruption in the same order as the

FlG. 18. Dispersion of light by a

prism. Formation of the spectrum of

white light.
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colours of the rainbow, namely, red, orange, yellow, green, blue, indigo, violet. The
spectrum may be conveniently shown to a number of persons at once by placing a white

screen in the path of the coloured rays.

Fig. 19 gives a perspective view of the path of rays of light from a candle-flame, A,
through the prism MNPM'N'P'. The ray of light AB falls on the face MNATN of the

prism, and is resolved into the prismatic colours ; the red

ray travelling along BR, the violet ray along B V, and rays

of other colours between. These rays inside the prism meet

the face NPN'P', and on passing into the air are further

refracted and separated, the red ray taking the path RR\
the violet VV\ and so on. Since rays of light emanate

from every luminous part of the candle flame, a complete

image of it will be seen at A' by an eye placed at R'V. In

the direction V V the image will be coloured violet, that is,

the side v of the image nearer the refracting edge NN of

the prism will be violet, while the margin r of the image

lying on the line R'R will be coloured red. To an eye

placed at R'V the image will be seen to the left of the

actual position of the object, as is shown in Fig. 19 ; the

image is thus nearer the refracting edge of the prism than

is the object.

The length of the spectrum formed by a prism depends

upon a variety of conditions. It is longer the greater the

angle between the rays RR1 and VV1
; this, in its turn,

depends upon the dispersive power of the substance of the prism, for the spectra given under

similar conditions by two similar prisms, but constructed of different substances, will differ

in length. The amount of dispersion produced by a prism will obviously vary with the

difference between the degree of refraction of the red rays and of the violet rays ; the

difference between the refractive indices of a substance for red light and for violet light

is indeed frequently regarded as a measure of the dispersive power of the substance.

Amongst precious stones, and indeed the majority of known substances, diamond has

by far the greatest dispersive power. The differences in the refractive indices of diamond

and of window-glass for red and for violet light, that is the dispersive power of these

substances, are given below :

Fig. 19. Path of the rays of light

through a prism. (Perspective view.)

For window-glass :

Red light, n = 2-407

Violet light, n = 2-465

Dispersive power of diamond = 2-465 - 2 -407 0-058.

Red light, n = 1-524

Violet light, n = 1-545

Dispersive power of glass 1-545 - 1-524 = 0-021.

The dispersion produced by diamond is therefore more than double that produced by

window-glass ; as a result of this, the spectrum given by a prism of diamond will be more

than twice the length of that given by a prism of glass having the same refracting angle.

The prismatic colours are transmitted to the eye by diamond widely separated from each

other, and the stone owes much of its beauty to this fact ; in glass and other substances of

less dispersive power, more or less overlapping of the prismatic colours takes place, and this

renders them less perceptible to the eye as separate sensations.
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The beautiful play of prismatic colours, shown by many precious stones, and especially

by diamond, is quite independent of the colour of the stone itself, but is due to the

decomposition of white light into its coloured constituents by refraction within the stone. The
greater the dispersive power of a stone the more marked will be this play of prismatic

colours ; on account of the specially high power of dispersion of diamond, the play of

colours exhibited by this gem is far in advance of any other precious stone.

This play of prismatic colours is sometimes, especially by English jewellers, referred to

as the " fire " of a stone. The same term, " fire,
ri

is, however, also used to denote the

brilliancy of lustre of a stone ; it was used in this sense above when dealing with the quality

of lustre.

Any two facets of a cut stone which are not parallel may constitute a prism and thus

give rise to the decomposition of white light into its coloured constituents. The facets at

the back and front of a cut stone should be so related as to give the maximum
decomposition of white light. Further, the faces at the back of the stone must be steeply

inclined, so that light, entering the stone from the front and being resolved into its

component colours, will strike the back faces of the stone at such angles that it is totally

reflected by them and passes out again at the front of the stone.

The more perfectly the form of cutting fulfils these conditions, namely, the greatest

possible decomposition of white light into its coloured components, and the greatest possible

internal reflection of this light from the back facets, the more beautiful will be the cut

stone. The form of cutting most suitable for bringing out the beauty of the diamond is

that known as the brilliant. This form is shown from different points of view in Figs. 29

and 52 among others, and in section in Fig. 20.

The form of a brilliant will be discussed in detail later ; here it need only be mentioned

that its numerous facets give it approximately the shape of a double four-sided pyramid, of

which one apex is trunacted by a large plane, the table, and the

other by a smaller plane. A brilliant is placed in its setting so that

the table Im (Fig. 20) is at the front towards the observer, while the

small truncating plane hi is turned to the back away from the

observer.

The path of a ray of light inside a stone cut as a brilliant is

shown in Fig. 20. Let us suppose a ray of light ab to fall on the

oblique facet Jel, and to be refracted within the stone in the direction

be. The refracted ray be falls very obliquely on the facet U, and

forms with the normal to this facet an angle greater than the critical Fig 20 Path of a

-. ii n L l • xx. ray of light in a bril-

angle of the substance; it will therefore be totally reflected in the ^
direction cd, and cd and cb will be equally inclined to hi. In the

same way the ray travelling along dc is again totally reflected from the surface hi in

the direction de, and is then reflected from the surface hn in the direction ef. The ray

travelling along ef strikes the facet hn at a high angle, that is, at an angle less than the

critical angle of the substance ; it is therefore possible for it to pass out of the stone into air

along the path/^. This direction,/#, will not, as a rule, coincide with the original direction

of the ray ab, since in its journey through the stone it has undergone two refractions and

three internal reflections. Moreover, as a consequence of the two refractions undergone by

the original ray of white light, ab, it will be split up into its component colours, and, on

emerging from the stone, will present to the observer a beautiful play of prismatic colours.

To avoid obscuring the diagram, the different paths of differently coloured rays are not

shown in Fig. 20, as they are in Figs. 17 and 18 ; the path, as shown in Fig. 20, may be
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regarded as the mean path for the several colours, or, more correctly, as the path which

would be taken by monochromatic light within the stone. Other rays of light entering the

front and side facets of the stone will be refracted and totally reflected in the same manner,

and will therefore follow a path very similar in direction to the one shown in Fig. £0.

The whole stone will therefore appear to be full of light, and will emit flashes of rainbow

colours.

The many beauties of the diamond can be traced back to the optical characters of the

stone ; its high index of refraction causes a large proportion of the light which enters the

front facets of a suitably cut stone to be totally reflected from the back faces, while from

its high dispersive power results a wide separation of the ravs of differently-coloured light,

and, in consequence, a fine play of prismatic colours. These features of a cut diamond are

specially noticeable when the stone is contrasted with another colourless stone, cut in

the same manner, for example, rock-crystal. The latter appears in comparison dull and

dead, owing to the fact that it possesses neither the high index of refraction nor the

great dispersive power of the diamond. The highly refractive and dispersive glass called

strass, when cut in the form of a brilliant, may, however, closely resemble a diamond in

these characters.

From what has been said above, it is easy to see that the cutting of a stone is a very

important factor in developing the potential beauty with which its optical characters endow

it. A diamond cut in the form of a good brilliant, far exceeds in play of colour and general

brilliance a similar stone cut in any other form, such, for instance, as a rosette (rose-cut),

which does not fully utilise the optical characters of the stone.

4. Double Refraction of Light.

Hitherto we have considered only those substances in which a single refracted ray

corresponds to a single incident ray. There are, however, many bodies, including many

precious stones, which have the property of splitting a single incident

ray of light into two refracted rays which are propagated in their

substance along paths differing slightly in direction.

In Fig. 21 the ray AB, travelling in air L, is incident upon

the surface MN of the stone S at B, where it is split into the two

refracted rays BO and BE, inclined to one another at a very small

angle OBE, which never exceeds a few degrees.

Bodies which behave towards light in this way are described

as being doubly refracting or birefringent, in contradistinction

to the singly refracting bodies hitherto considered. Substances

exhibiting the phenomenon of double refraction may also be described as optically

anisotropic, while those which exhibit single refraction are described as being optically

isotropic.

As far as regards the transparency, lustre, colour, and play of colour of a stone—those

characters in short which affect the beauty of the stone—it is unimportant whether the light

within it is singly or doubly refracted.

The phenomenon of double refraction can be easily observed by the aid of special

instruments. The detection of its presence or absence is a valuable aid in identifying and

discriminating precious stones in the cut condition. Thus by the aid of an appropriate

instrument we can decide whether a certain red stone is a doubly refracting ruby or a singly

refracting spinel, two stones which, though very similar in appearance, are very dissimilar in

Fig. 21. Double refrac-

tion of a ray of light.
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rarity and costliness. It is also possible by this means to distinguish glass imitations, which

are always singly refracting, from genuine precious stones, which are for the most part doubly
refracting.

The kind of refraction, single or double, exhibited by a body is a necessary consequence

of the crystalline structure of its substance, and varies in the different crystal systems. All

amorphous bodies, together with all those which crystallise in the cubic system, are singly

refracting, while all other crystals, without exception, namely, those included in the

hexagonal, tetragonal, rhombic, monoclinic, and triclinic systems are doubly refracting. It

is thus possible from the behaviour of a stone with respect to the refraction of light to

learn whether, on the one hand, it is amorphous or crystallises in the cubic system, or

whether, on the other hand, it crystallises in one of the five remaining crystal systems ; and

this observation can be made on a very small irregular fragment of the mineral. Thus in

the example just quoted we know that the singly refracting spinel must crystallise in the

cubic system, while the doubly refracting ruby crystallises in one of the remaining five

systems, namely, the hexagonal.

Since the observation of the kind of refraction, whether single or double, exhibited by

a stone is a step towards determining to which of the crystal systems it belongs, and more-

over is frequently a decisive test of its identity, it is important to be acquainted with the

method of making this observation. In the third part of this book, dealing specially with

the determination of precious stones, considerable use will be made of this method, and it

will also be mentioned under the description of each species of precious stone.

In some substances the phenomenon of double refraction is directly observable, for an

object, when viewed through a plate of the substance, will appear double instead of single,

as is more usually the case, for example with a plate of glass.

Each of the two refracted rays BO and BE (Fig. 21) gives \p /£

an image of the object ; these two images are, as a rule, very

close together, but in some few minerals they may be so widely

separated as to be both distinctly visible. —
In Fig. 22, let MNPQ be a plate of doubly refracting .

substance with the surface MN parallel to the surface PQ. /
The incident ray of light AB, striking the surface MN at B, p //

enters the plate and is split up into the two rays BO and //
BE; these emerge from the surface PQ in the directions 00' O/yE'

and EE both parallel to AB. Each of these rays 00' and
FlG 22. Path of light through

EE gives rise to an image of the source of light, and an eye a doubly refracting plate.

placed at O'E' will see one image along 00 and another

along EE. Other conditions being equal, these two images will be the more widely

separated the thicker the plate is.

A substance which shows the phenomenon of double refraction to a very marked degree

is calcite or Iceland-spar, which on this account is also called doubly refracting spar. If a

crystal, or, better still, a transparent cleavage rhombohedron of Iceland-spar is placed over

an object, such, for instance, as the page of a book, the letters, Mhen viewed through the spar,

will appear double, as shown in Fig. 23.

In calcite the two refracted rays are inclined to each other at a comparatively large angle,

much greater than in the majority of other minerals. The greater the angle of separation

of the two refracted rays (OBE in Fig. 21) the greater the double refraction of the mineral,

and different substances differ considerably from each other in this respect.

The double refraction of the majority of precious stones is not very strong; and as
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usually only a small thickness of such substances is available for examination, the two

images of an object viewed through the stone will be very close together or partly overlap

Fig. 23. Double refraction by calcite or doubly refracting spar (German, Doppelspath).

and then tend to appear as a single image. They would thus, by simply viewing an object

through a thin plate, appear to be only singly refracting, whereas in reality they are doubly

refracting.

It is possible, however, in such cases to bring about a wider separation of the two

images by using a prism instead of a parallel-sided plate of the stone. This is illustrated in

Fig. 24, where, as in the case of single refraction (Fig. 18), the rays of white light are

decomposed into rays of differently coloured light. The ray of

light AB, coming from a small flame at A, on entering the prism

is split into two rays travelling in the directions BO and BE. In

consequence of dispersion, each of these rays is separated into its

coloured components BOr to BOv and BEr to BEV ; and on passing

out at the second surface of the prism NP, are again refracted,

and thus emerge still more widely separated. To an eye placed

at 0'
rE'ti two images of the flame, 0'

rO'v and E'rE'v , will be visible

close together or partly overlapping. Each image shows the

columns of the spectrum of white light as did the image seen

through a prism of singly refracting substance ; moreover, if

thrown on a screen, the red ends, O r and E'r , of both spectra

will be nearer the refracting angle of the prism, and the violet

ends, 0'
v and E'v , further away.

Fig. 25 gives a perspective view of the path of light in a doubly refracting prism,

similar to the one given by Fig. 19 in the case of a singly refracting prism. The two faces

of the prism MNMN' and NPNF are inclined together at the refracting angle MNP and

intersect in the refracting edge NN'.

A ray, AB, emitted by the centre of the candle flame, 4, strikes the face MNM'N' of

the prism at B, and is refracted along BO and BE. These two refracted rays pass out at

the second face NPN'P', and take the directions 00' and EE'. To an eye placed at O'E,

two images of the candle flame will be visible in the directions O OA° and E'EA e
. Many

precious stones show the two images A and A e quite close together, often, indeed, over-

lapping more or less. As was the case with the single image given by a singly refracting

prism (Fig. 19), each of the double images has a red margin r and a violet margin v.

Fig. 24. Path of light

through a doubly refracting

prism.
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Now every facet at the front of a cut transparent gem forms with any facet at the

back (provided they are not parallel) a prism ; and through every such pair of facets can be
seen, when viewed in the proper direction, an image of

a small flame. As a matter of fact, a large number of

such images will be seen, since for any one facet at the

front of the stone there will be several at the back, each

of which may form with the front facet a prism and

give rise to an image. The images given by singly

refracting stones are single, as in Fig. 19, while doubly

refracting stones give two images very close together,

as shown in Fig. 25. This difference enables us to

distinguish a singly refracting from a doubly refracting

stone.

For this purpose the stone should be held with

the largest front facet, namely, the table, close to the

eye, and a small flame viewed through it. On turning

the stone about, a position will be arrived at when

numerous coloured images of the flame become visible,

each being single if the stone is singly refracting, or

double if it is doubly refracting. Each image, whether

double or single, has originated bv refraction through

a prism formed by one of the facets at the back of the stone and the table at the front.

The images seen through a doubly refracting stone are shown in Fig. 26«, while those

seen through a singly refracting stone are shown in Fig. 265.

Fig. 25. Path of light through a doubly

refracting prism. (Perspective view.)

FlG. 26ö. Images of a flame observed through a

doubly refracting stone.

Fig. 26b. Images of a flame observed through a

singly refracting stone.

This experiment is best performed in a dark room so that no light other than that from

the small flame passes through the stone.

Instead of using a flame, however, any other convenient object may be observed through

the stone, and for this purpose a needle may be used. When the needle is placed in the

proper position relative to the stone, there will be seen several coloured single images of it

in the case of singly refracting stones, while doubly refracting stones will give coloured
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r^in

m

double images of the needle. Contrary to the previous case, this experiment must be
performed in a lighted room.

When a stone thus examined shows unmistakably double images the fact may be
regarded as a decisive proof of the doubly refracting nature of the stone ; when, however,
single images only are observed the stone cannot be stated to be singly refracting on these

grounds alone, for stones which have only feeble

double refraction may give double images so

close together, or may be overlapping, that to

recognise the double character of such images

is a matter of considerable difficulty.

The investigation by the direct method of

the kind of refraction possessed by a stone thus

requires a certain amount of skill, which is only

acquired by practice. On this account the re-

fraction of stones is often investigated by an

indirect method, which has the advantage of

being applicable to stones with rounded surfaces,

and also to small and irregular fragments of

material, neither of which could be used with

the method of direct observation. Further,

very small cut stones are easily examined by

the indirect method, while their examination by

the direct method would present difficulties.

The instrument used for the indirect observa-

tion of the singly or doublv refracting character

of a stone is known as the polariscope. A
simple form of this instrument, sufficient for the

present purpose, is shown, one-third the actual

size, in Fig. 27.

This consists of a wooden box, H% into the

cover, pp, of which fits the circular object-carrier,

oo ; the latter consists of a plate of glass in a

31 brass setting, and may be easily rotated. From

Fig. 27. Polariscope for observation in paralle the box rises the vertical brass rod, mm, which

light. (One third actual size.) carries, on the horizontal arm, h, a Nicol's prism,

n, constructed of Iceland-spar. This is placed in the same vertical line with the centre of

oo, and is capable of being rotated in the arm, h. In the box, H, is fixed, at an angle of

33° with the vertical, a sheet of unsilvered glass, ss, or better still, a large number of thin

glass plates arranged in a pile. The box also contains an ordinary mirror, tt, the inclination

of which can be varied by means of the wooden wedge, K.

Rays of light from a clear sky enter the open side of the box, as indicated in the figure

by the dotted line, and are reflected from the mirror, it, on to the glass plate, ss, at an angle

of 57° with the normal to the plate, whence they are again reflected in a vertical direction

through the object-carrier and the NicoFs prism to the eye of the observer.

Ordinary daylight, after reflection from the glass plate, ss, at the particular angle

mentioned above, becomes endowed with special properties, and is said to be polarised. n

other words, the rays of ordinary light which strike the plate, ss, are reflected from it as rays

of polarised light, and as such reach the Nicol's prism, n. On rotating the NicoPs prism, it
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will be found that in certain positions it does not allow the light reflected from ss to pass

through, and in these positions the field of view becomes dark, while in other positions it is

light. On turning the NicoFs prism through a complete revolution, that is 360°, it will be

observed that there are four gradual changes from maximum lightness to maximum darkness

or vice versa ; the four positions of maximum lightness and maximum darkness being

separated by angles of 90°. If the NicoPs prism be turned into one of the two positions in

which the field of view has maximum darkness, the polariscope will afford a means whereby

singly and doubly refracting stones can be distinguished from each other with ease and
certainty.

The different behaviour of singly and doubly refracting substances when examined with

the polariscope is as follows : When a singly refracting substance, such as a piece of glass,

is placed on the object-carrier, oo, and observed through the Nicol's prism, the whole of the

field of view will be dark and will remain dark during the rotation of the object-carrier. It

should be mentioned here that in this, as well as in all other observations, it is advisable to

shade the side light from the object with the hand, or, better still, by means of a tube of

black paper placed on the object-carrier and round the object; otherwise light will reach

the eye which has been reflected from the surface of the stone without passing through it.

When a doubly refracting body is examined in the same way, it is found that in certain

positions the portion of the field which it occupies becomes light. This is due to the fact

that the polarised light, which before was unable to pass through the NicoPs prism, becomes

so modified by its passage through the doubly refracting substance that it is now capable of

passing through the NicoPs prism, when it will reach the eye of the observer. As the object

is turned round through 360°, there will be eight changes from maximum lightness to

maximum darkness or vice versa ; there being four positions of the stone in which the

lightness is a maximum, and four'in which there is maximum darkness, an interval of 45°

lying between each. Through the complete rotation of the object, however, the portion of

the field not occupied by it remains dark so long as the Nicol's prism is undisturbed.

There is thus an essential and important difference in the behaviour of singly and doubly

refracting stones when examined in polarised light. A singly refracting stone remains dark

in the dark field of the polariscope, while a doubly refracting stone changes from light to

dark as it is rotated with the object-carrier.

Even in this method, however, there are certain liabilities to error which must

be carefully avoided. In all doubly refracting substances the strength of the double

refraction is not the same in all directions. Thus the two images of a flame or needle seen

through a doubly refracting stone will be further apart when viewed in some directions than

in others, while in certain directions a single image only is to be seen. The substance is

therefore, along these particular directions, not doubly refracting but singly refracting.

Those directions in a doubly refracting body along which there is only single refraction

are known as optic axes. All doubly refracting stones can be grouped into two classes

:

the one containing stones having one optic axis, described as being optically uniaxial
;

and the other containing stones having two optic axes, and described as being optically

biaxial. The optic axes of any given substance are closely connected both in number and

direction with its crystalline form. Thus all hexagonal and tetragonal crystals are uniaxial,

and the optic axis of these crystals coincides in direction with the principal crystallographic

axis. All rhombic, monoclinic, and triclinic crystals are biaxial, and in the case of rhombic

and monoclinic crystals definite relations exist between certain crystallographic and optical

directions. Crystals belonging to the remaining system, namely the cubic, are, as mentioned

above, optically isotropic, that is, singly refracting.
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The fact that doubly refracting crystals are singly refracting along their optic axes

must not be forgotten in making observations with the polariscope. A doubly refractino-

stone, placed in the instrument so that its optic axis coincides with the line of vision, will

behave as if it were singly refracting, and will remain dark during a complete rotation of the

carrier. A single observation of this kind is therefore not sufficient to prove the singly

refracting character of the stone. The probability of a stone being placed in the instrument

in this position will, as a rule, be small ; when a stone gives the indications of single refraction,

explained above, it should be placed on the carrier in another position and re-examined. A
second indication of the same kind may be regarded as conclusive, though in case this

second indication should be due to the second optic axis coinciding with the line of vision

—

a very improbable chance—the stone may be examined in a third position. As a rule, an
examination of the stone in two positions will be sufficient to establish its singly refracting

character. If, on the other hand, a stone should at the first trial give the indications of a

doubly refracting substance, the observation may be regarded as conclusive and further

examination is superfluous.

When a stone in the polariscope gives the appearances peculiar to singly refracting

substances after examination in two, or even in three, positions, it has been stated above

that it may legitimately be concluded that the stone is really singly refracting. We have

now to show that, under certain circumstances, such is not the case, and that the stone may
be in reality doubly refracting. When a cut stone is examined in the polariscope, the

facets on the side turned towards the observer will not be parallel to the facet upon which

the stone lies, but they may be very steeply inclined to it. Light travelling vertically

upwards from beneath will always be able to enter the stone by the facet on which it lies

;

it may, however, strike the upper, steeply inclined facets so obliquely as to be totally

reflected and pass out at the sides of the stone, thus never reaching the eye of the observer.

The error which this may lead to may be avoided in several ways.

The majority of cut stones have, as shown in Plates IL—IV., a large facet, the table, on

one side, and a small facet, the culet, parallel to the table, on the opposite side. If the

stone be examined through these two parallel faces, there will be no possibility of internal

total reflection. WT
ith this object in view, the stone should be placed on the object-

carrier so as to rest upon the culet, the table being uppermost ; should the culet be very

small the stone may be supported by pieces of wax. With the stone in this position, the

light entering it will strike the table perpendicularly and there will thus be no chance

of reflection from this facet. Moreover, the position in which the stone rests upon the

culet has the further advantage that the whole area of the table is available for the egress

of the light which enters the stone by the culet ; whereas, in the reverse position, much of

the light which enters by the table will fail to escape by the culet, but will be totally

reflected from the side facets.

When a stone, examined in the polariscope in the position just described, gives the

indications of a singly refracting substance, this observation, as explained above, cannot be

regarded as conclusive, and the stone must be re-examined in another position. In any

other position, however, there is a possibility of a doubly refracting stone appearing to be

singly refracting owing to total reflection of the light within it. This possibility may be

avoided by the following simple device

:

The stone is completely immersed in a strongly refracting liquid contained in a small

glass vessel placed on the object-carrier. The difference between the index of refraction of

the stone and of the surrounding medium will be much less than when the stone was in air,

and the result will be, as has already been explained, that a larger proportion of the light
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will escape total reflection and will pass out of the stone. The amount of light totally

reflected will in any case be considerably diminished, but total reflection will not be entirely

absent, unless the refractive index of the liquid is exactly the same as that of the stone. In

the case of diamond, however, this state of affairs will not exist, since there is no liquid with

so high a refractive index.

Liquids used for this purpose should be transparent, not deeply coloured, and of high

refractive index. One which fulfils these conditions, and has been already mentioned, is

methylene iodide. It is one of the most strongly refracting liquids known, having at the

ordinary temperature of 15° to 20° C. an index of refraction of 1*75 for the middle rays

of the spectrum ; this value for the refractive index is exceeded by only few precious stones,

notably the diamond, the index of refraction of which is 2*43. From the upper faces of a

feebly refracting stone immersed in methylene iodide there will be no total reflection of

light, but this will still take place if a diamond is substituted for the feebly refracting stone.

All rays of light, forming with the normal to the surface from which they emerge an angle

greater than 46° 19' (Fig. 13) ; in other words, all rays travelling vertically upwards will be

totally reflected from facets inclined to the horizontal object-earner of the polariscope

at an angle greater than 46° 19'. Total reflection in diamond is thus not eliminated but

considerably diminished in amount, the corresponding critical angle for diamond in air

being 24
c
24'.

A drawback to the use of methylene iodide for this purpose is its high price;

monobromonaphthalene is a much cheaper liquid, with a refractive index almost as high as

that of methylene iodide ; it can therefore be used as a substitute for the latter in

optical determinations, but not in determinations of specific gravity, being too light a liquid

for this purpose.

It will be well at this point to review the method of using the polariscope for

determining the singly or doubly refracting character of a precious stone. The stone is

placed on the object-carrier in the dark field of the polariscope and the carrier rotated. If

now, all side light being carefully screened off, the field shows alternations of lightness and

darkness the stone may be considered to be without doubt doubly refracting. Should the

field remain dark during the rotation, the stone must be placed in another position on the

object-carrier and again rotated. If this rotation results in alternations of lightness and

darkness in the field, the stone is certainly doubly refracting ; but should the whole of the

field still remain dark we cannot conclude that the stone is singly refracting until it has

been proved that the absence of light has not been due to total reflection within the stone.

With this object the stone must be examined for the third time, either in the position

deseribed above, resting upon the culet and with the table horizontal and uppermost, or

immersed in a strongly refracting liquid to diminish or eliminate total reflection. If on

rotation the whole of the field still remains dark the stone must be singly refracting. For

the examination of stones cut in a spherical form, or those with a rough and irregular

surface, it will often be necessary to immerse them in liquid at first. Observations made

with the polariscope require no special skill, and with practice and attention to the necessary

precautions are very reliable.

Before leaving the subject of refraction certain anomalous cases must be considered.

Many singly refracting substances, such, for example, as diamond, occasionally show the

appearances peculiar to doubly refracting substances. When this is the case, such substances

are said to possess anomalous double refraction. The phenomenon is frequently

due to internal strains set up on the solidification of the substance or brought about by

subsequent causes. These internal strains may be so great in certain crystals, for example
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those diamonds known as " smoky stones," as to cause such stones to fly to pieces without

any apparent reason.

Anomalous double refraction is usually, however, only feeble, and the alternations of

lightness and darkness exhibited in the polariscope by minerals exhibiting this character are

much less marked than is the case with truly doubly refracting stones. Moreover, the

illumination of a doubly refracting body is uniform over the whole of its area; but in the

case of a body showing anomalous double refraction, portions of its area will remain dark

during the complete rotation of the carrier, while the portions which become alternately

light and dark during the rotation appear as stripes and bands, or in variously shaped

sectors. It is thus a comparatively easy matter to distinguish between anomalous and true

double refraction.

The phenomenon now under consideration sometimes affords a means whereby a glass

imitation may be distinguished from a genuine precious stone. While glass under ordinary

conditions is singly refracting, being an isotropic substance, unannealed glass • possesses

anomalous double refraction. Thus if a fairly thick plate of glass be first strongly heated

and then suddenly cooled, internal strains will be set up, and when examined in the

polariscope it will show a more or less regular black cross, with the two arms at right

angles, sometimes surrounded by coloured circles. Should a supposed precious stone show

this or a similar appearance, the observer may regard it as conclusive evidence against the

genuineness of the stone.

The refraction of a precious stone is expressed, as explained above, by a number known as

its refractive index. In the case of singly refracting substances there is, for monochromatic

light, only one refractive index, which is constant for every direction in the stone. The

index of refi action of a doubly reii acting substance, however, varies according to the

direction. It is greatest in one particular direction and least in a direction at right angles

to this. These maximum and minimum values vary slightly for differently coloured light,

but are constant for monochromatic light. The greater the difference between the greatest

and the least values of the refractive indices of a precious stone, the greater will be its

double refraction, which is measured by this difference.

The number which thus expresses the strength of the double refraction of a substance

is constant for, and characteristic of, that substance, and could be made use of for purposes

of identification. Its exact determination is, however, a matter of considerable difficulty

and requires special and costly instruments, as well as suitable preparation of the stone

to be examined. This method is therefore of no practical value to jewellers.

The refractive indices of the more important precious stones are given in the

following table, the values for singly refracting stones being indicated by n, and the

greatest and least values for doubly refracting stones by n^ and n
l
respectively. In both

cases the values apply to the middle rays of the spectrum. The strength of the double

refraction of each stone is indicated by d = n,j — nh that is, by the difference between the

greatest and the least refractive indices of the stone.

(a) Singly Refracting Precious Stones.

n n

Diamond 2-43 Spinel

.

1-72

Pyrope 1-79 Opal . 1-48

Almandine . 1-77 Fluor-spar . 1-44

Hessonite . 1-74
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(b) Doubly Refracting Precious Stones.

Zircon .

Ruby
Sapphire

Chrysoberyl

Chrysolite

Tourmaline

Topaz .

Beryl .

Quartz .

%/ n
t d

1-97 1-92 0-05

1-77 1-76 0-01

1-76 1-75 0-01

1-70 1-66 0-04

1-64 1-62 0-02

1-63 1-62 0-01

1-58 1-57 0-01

1-55 1-54 0-01

5. Colour.

An important character of precious stones not yet touched upon is colour. The beauty
of opaque and lustreless stones, such as the turquoise, depends wholly upon this character.

Every shade of colour is represented among minerals used as precious stones and for

ornamental purposes. As has already been mentioned, stones which are perfectly colourless

and also perfectly transparent are described as being water-clear, or of the first water.

In the majority of cases colour is a very variable character; there are, however,

examples amongst minerals in which the colour is a fixed and essential character, appearing

the same whether the mineral is in the largest masses or reduced to the finest powder.

Such a stone would be described as being idiochromatic, it having a colour of its own,

which is essential and characteristic of the mineral. As an example of an idiochromatic

stone, malachite, which is always green whether in mass or in powder, may be quoted.

The majority of precious stojies are, if perfectly pure, completely colourless. But this

purity of composition is, as a rule, not attained, and thus, owing to the admixture of

foreign colouring-matter, such stones occur much more frequently coloured than colourless.

The colour, being thus due to accidental impurities, may vary in different specimens of the

same stone, or even in different portions of the same specimen, and must therefore be

regarded as a non-essential character. Stones in which colour is a variable character are

distinguished as allochromatic, and the foreign matter, to which their colouring is due,

may be regarded as pigment. Different pigments give rise to differently coloured specimens

of the same mineral species. Such specimens show their colour best in fragments of some

thickness ; in very thin splinters, or. in fine powder, they appear only faintly coloured or

even completely colourless.

The variety of colour exhibited by quartz well illustrates the fortuitous nature of this

character when due to impurities. Thus, rock-crystal is transparent and water-clear quartz,

smoky-quartz is brown, amethyst is violet quartz, citrine is yellow quartz, green quartz is

known as plasma, blue quartz as sapphire-quartz, and there are still other coloured varieties,

with special names. Again, the mineral corundum, which sometimes occurs colourless, is

known as ruby when red and as sapphire when blue ; it is also found of many other colours,

which will be mentioned in the special description of corundum. Though diamond, in its

most valuable condition, is water-clear, yet specimens of every shade of colour are found.

The range of colour shown by any one allochromatic mineral is known as its suite of

colours. Thus the suite of colours shown by quartz includes brown, violet, yellow, green,

blue, &c. ; that by corundum includes red and blue and many others. The suite of colours

shown by any one mineral will not usually be shown by any other ; in nearly every case

c tain colours will be unrepresented in the suite.
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In minerals in which the lustre is other than metallic, a group which comprises nearly

all precious stones, eight principal colours may be recognised for the purposes of descriptive

mineralogy ; these colours are white, grey, black, blue, green, yellow, red, and brown.

Intermediate colours may be described by terms compounded of the names of the eight

principal colours ; as, for instance, reddish-white, greenish-blue, bluish-black, &c. The
different shades or tints shown by each of the principal colours are indicated by a

descriptive prefix ; as, for example, sulphur-yellow, grass-green, indigo-blue, smoke-grey,

carmine-red, &c. The colour of a mineral can be judged more correctly by observing it

close to the eye, when small differences in colour will be more apparent.

The character of the colour shown by a mineral depends partly on the lustre and

transparency of the specimen ; it may be described by terms in use in ordinary language,

such as lively, warm, fresh, dull, delicate, soft, dirty, dusky, &c. The intensity of the

colour shown by a mineral also varies in different specimens ; it may be described as deep or

dark, when approaching to black ; high or full, when pure and intense ; light, when

approaching to white ; finally, as pale, when more nearly approaching to white. In

speaking of some precious stones, for example the ruby, it was formerly the custom to

describe specimens with a deep or full colour as " masculine,
11

and those with a lighter

colour as " feminine.
11 These terms have now, however, fallen into disuse.

Intensity of colour depends on the amount of colouring-matter present ; the greater

this is, the deeper will be the colour of the stone. When the pigment of a stone is

distributed equally throughout its mass, the stone will be uniformly coloured. If, on the

contrary, the pigment is present in some parts and absent in others, or present in varying

amounts in different parts of the stone, the latter will show- corresponding differences in

colour.

One and the same stone may be differently coloured in different parts owing to the

presence of different pigments ; thus sapphire often shows blue spots or patches on a

colourless background, and amethyst may show violet areas also on a colourless background.

The irregular distribution of colour in such stones detracts considerablv from their beautv ;

specimens of precious stones in which the colour is intense and distributed with perfect

uniformity are therefore specially valuable.

The distribution of colour in any one kind of stone is sometimes remarkably constant,

appearing repeatedly in a large number of specimens. Thus in the four-sided columns of

diopside from the Zillerthal in the Tyrol, which are sometimes used as gems, one end is

colourless and the other of a fine, dark, bottle-green colour. In the same way the hexagonal

prisms of red, green, or almost colourless tourmaline from Elba frequently have a black

termination (so-called negro-heads). A regular arrangement of different colours in the

same crystals is sometimes seen in tourmaline, as illustrated in Plate XV., Figs. 8 and 9,

where the central portion is red and the external portion green, the two colours being

sharply separated from each other. The beauty of agate is due to the arrangement of its

various colours in bands. The following terms are used in describing colour distribution :

spotted, mottled, clouded, veined, marbled, striated, banded, &c.

Brown or black arborescent, or tree-like, markings are frequently seen in certain

specimens of chalcedony, and are described as dendritic markings. Stones showing such

markings are known as dendrites. They are cut and polished with the object of bringing

out the markings as prominently as possible (Fig. 89). Dendrites, among which is moss-

agate with its peculiar and moss-like distribution of green colouring-matter, will be further

considered in dealing with opal, chalcedony, &c.

The various pigments to which the colouring of precious stones is due may be
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organic or inorganic, and differ much in character. They may exist in considerable amount,
but more frequently they are present in such small quantities that very exact chemical
analysis is necessary for their detection. In the latter case, the colouring-power of the
pigment must be comparable to that of carmine and some other pigments, an extremely
small quantity of which is capable of giving a decided colour to an enormous quantity of a
colourless substance.

The precise nature of the colouring-matter of many precious stones it has been
impossible as yet to determine. Large quantities of the precious stones would be needed to

yield an amount of colouring-matter sufficient for a reliable analysis, and here lies the chief

obstacle to the investigation. In spite of this difficulty it has been possible in some cases to

determine definitely to what substance the colouration is due. Thus, for example, the

emerald owes its green colour to the presence, in small quantity, of a compound of the

metal chromium, while the apple-green colour of chrysoprase is due to a compound of the

metal nickel. Other stones are coloured by compounds of iron or copper ; while the brown

colour of smoky-quartz is due to an organic substance, which can be distilled off as a dark

brown oil, possessing an empyreumatic odour.

The colouring-matter of precious stones is frequently distributed so intimately and

uniformly through their substance that it is impossible, with the strongest magnification,

to distinguish single particles of the pigment. The relation between the substance of the

precious stone and the pigment seems analogous to that which exists between a solvent and

a substance dissolved in it. In such cases, it is inferred that the colouring-matter is not an

essential constituent of the substance of the stone from the fact that specimens of other

colours, or devoid of colour, are known. This intimate association of the pigment with the

ground substance of the stone exists, for example, in the green emerald, in the blue opaque

turquoise, the colour in the latter .case being due to compounds of copper and iron ; as also

in diopside, the green colour of which is given by a compound of ferrous oxide.

In most of these cases we are dealing with something more intimate than a mere

mechanical mixture. The colouring-matter is isomorphous with the ground substance of the

precious stone, that is, it has the same type of chemical formula, and when this is the case,

the intermixing of the two substances involves not microscopically small particles of each

but the ultimate particles or molecules of each substance. Thus to take diopside as an

example, we must picture the molecules of the compound of ferrous oxide distributed

uniformly between the molecules of the ground substance of the stone and imparting to it

its characteristic green colour. The same may perhaps be said of emerald which belongs to

the mineral species beryl, specimens of which sometimes occur colourless ; also of turquoise

and many other precious stones.

In other stones, on the contrary, the colour is due to vast numbers of minute coloured

particles, with definite boundaries, mechanically intermixed with the colourless ground-mass

of the stone. These particles may be large enough to be just perceptible to the naked eye,

or so small as to require a lens or microscope for their detection ; they may have the form

of grains, scales, fibres, or needles. Small blue grains distributed in large numbers through

the colourless ground-mass of lapis-lazuli give to this precious stone its fine blue colour.

Green needles and fibres of the mineral actinolite give rise to the green colour of prase, a

variety of quartz, which of itself is colourless. Felspar is sometimes coloured red by minute

scales of iron-glance (haematite), and is then used as an ornamental stone under the name of

sun-stone : chalcedony, coloured by a similar red pigment, is the much used carnelian.

Stones coloured in this manner, by the mechanical intermixture of particles of pigment,

are more or less cloudy or even opaque ; those, on the contrary, in which a more intimate or
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chemical relation between the colouring-matter and the ground-substance is possible, are

clear and transparent.

The apparent change of colour shown by many precious stones when exposed to

different kinds of illumination is worthy of remark. In most cases the colour seen in clear

day-light is the most beautiful, the appearance by artificial light being less pleasing. Thus

amethyst by day-light is of a beautiful purple colour, but in candle-light it appears dull

grey. Purple corundum or " oriental amethyst," on the contrary, shows its fine colour as

well by candle-light as by day-light. Specially peculiar in this respect is the variety of

chrysoberyl, known as alexandrite, which, as we shall see later on, is green in day-light and

red in candle-light. Yellow diamonds retain their colour in the electric light, but appear

colourless in candle-light. Many other stones afford similar examples of a change in colour

accompanied by a loss of beauty in artificial light, a property which naturally diminishes

the value they might otherwise possess.

The possibility of temporarily masking the colour of yellowish diamonds has, in recent

years, frequently led to fraud. Since the discovery of the South African mines, yellowish

diamonds are fairly abundant, and therefore comparatively cheap, while perfectly colourless

stones command a high price. By giving these yellowish stones a very thin coating of some

blue colouring-matter, they can be made to appear colourless, the mixture of blue and

yellow light rays producing on the eye the effect of white light. As soon, however, as the

blue coating is worn off the fraud becomes apparent.'

Not only an apparent, but an actual change of colour, may be experienced by some

precious stones. As a rule, the colours of precious stones are extremely lasting, only dis-

appearing with the destruction of the stone itself, this being, for example, the case with the

yellow diamond, the ruby, emerald, and others. The colour of other stones, however, is less

constant, and may be completely destroyed, the substance of the stone undergoing no change

in the process. The colouring of such a stone will frequently disappear when the stone is

raised to a red heat or even less ; this will invariably happen if the colouring-matter is

organic in nature, since it will be decomposed at such a temperature. Brown smoky-quartz

and reddish-yellow hyacinth behave in this way, becoming completely colourless when heated

to redness. Other stones on being heated experience not a loss but a change of colour ;

thus the violet amethyst becomes yellow, and the dark yellow topaz becomes rose-red in

colour. These particular changes in colour are sometimes brought about intentionally in

order to obtain yellow quartz (" burnt amethvst ") and rose-red topaz (rose topaz), both of

which are used as cut stones, but occur in nature to only a small extent.

Many stones show characteristic changes in colour during the progress of a rise and fall

in temperature. Thus the red ruby, at a high temperature, is colourless ; on cooling it first

becomes green, after which it gradually assumes its original fine red colour. The red spinel

behaves somewhat differently under similar conditions ; at a high temperature it becomes

colourless, and on cooling it regains its original colour, so far resembling the behaviour of

the ruby, but at the intermediate temperature it assumes not a green but a violet tint. A
high temperature is not invariably necessary to effect a change of colour in precious stones

;

some stones are so sensitive that their colour fades or disappears merely on exposure to light

and air. Certain topazes behave in this way, and after a few months exposure will be

recognisably paler in colour ; the same phenomenon may be observed in green Chrysoprase

and in rose-quartz, as well as in some blue turquoises, the colour of the latter of which may

gradually change to green. Obviously the value of such stones will be considerably

diminished, since it is difficult, if not impossible, to avoid a rapid loss of colour, and there-

fore of beauty, when they are used under ordinary conditions. Colour lost in this way may
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sometimes be restored by keeping the stone in darkness, by burying it in moist earth, or by
treating it with certain chemicals, all of which devices are made use of by unscrupulous
dealers. As a contrast to the behaviour of such stones on exposure to light, it may be
mentioned here that amber, instead of being bleached by exposure, is darkened, gradually
becoming of a dark, reddish-brown colour.

The artificial colouring or recolouring of precious stones, which was known and
practised to some extent among the ancients, is of some importance. At the present day
agate and similar stones are most frequently subjected to this treatment, the exact methods
of which will be dealt with under the special description of these stones. The capacity for

absorbing the liquid which imparts its colour to the stone, often even to the central portions,

depends on the porous nature of its substance.

Streak.—In speaking above of idiochromatic and allochromatic minerals, we have seen

that in the former the fine powder of the mineral is also coloured, the colour being charac-

teristic of the mineral. For the purpose of quickly and easily obtaining a mineral in the

state of fine powder, it is rubbed on a plate of rough, unglazed, " biscuit " porcelain. The
line of powder left upon the plate by the mineral is known as its streak, the colour of which

can be easily observed on the white background. The streak is often characteristic of a

mineral, and thus the observation of the streak is a step towards the determination of the

mineral. The character is not of much practical value in the determination of precious

stones, since on account of their hardness they are much more likely to scratch the porcelain

than to leave a streak upon it ; moreover, the streak of most precious stones, as in other

allochromatic minerals, is white, and therefore not a distinguishing: feature.

6. DlCHROISM.

An important optical property of many precious stones is that known as dichroism or

pleochroism. A stone possessing this property, when observed in different directions will

show different colours or shades of colour which may resemble each other more or less closely,

or may, on the other hand, differ considerably. A mineral sometimes used as a cut stone,

and known as " water-sapphire,"
11

exhibits this phenomenon to such a marked degree that it

has received the name dichroite, although at the present time it is usually known to miner-

alogists as cordierite. A crystal of this mineral, when viewed in three particular directions,

perpendicular to each other, appears of three distinct colours, namely, a fine dark blue, light

blue, and greyish-yellow. In intermediate directions are seen intermediate tints, which

approach one or other of the three principal colours according to the direction of the line of

view. The three particular directions along which these maximum differences in colour are

observable are definitely related to the crystalline form of the mineral ; they are in fact the

three crystallographic axes of the rhombic crystal.

The difference in colour shown by cordierite when viewed in different directions is very

great, but it is perhaps even greater in some kinds of tourmaline. In this mineral the

colour, as seen in different directions through a crystal, varies from yellowish-brown to

asparagus-green, or in other crystals (of the same mineral) between dark violet-brown and

greenish-blue, or again in others between purple-red and blue, &c. Some dichroic precious

stones show only very small differences in colour when viewed in different directions ; the

yellowish-green chrysolite is an example. Indeed the majority of pale coloured stones are

only feebly dichroic, stronger dichroism being exhibited by minerals having a deeper tone

of colour.

Finally there are other minerals, such as garnet and spinel, which show no differences of
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colour in different directions ; these precious stones behave in this respect like their glass

imitations.

Taking refraction as the basis of classification, we have seen that all minerals can be

divided into two groups, namely, those which possess single refraction and those which

possess double refraction. The former group will include those minerals which are not

possessed of dichroism, while all dichroic minerals fall into the latter. Thus amorphous

substances and those which crystallise in the cubic system are characterised by single refrac-

tion and absence of dichroism, while all coloured minerals included in the remaining five

crystal systems are dichroic, and all without exception are doubly refracting.

The phenomenon of dichroism then, furnishes us with additional aid in distinguishing

singly from doubly refracting stones. A body showing this character to even the feeblest

degree cannot be amorphous nor can it be a cubic mineral. The apparent absence of

dichroism however must be considered only as negative evidence in favour of single refrac-

tion, since dichroism may be present but so feeble as to be detected only with difficulty. It

has been shown above that the phenomena of double and of single refraction enables us

to distinguish a ruby from a red spinel, and this is made still more easy from the fact that

the hexagonal ruby is distinctly dichroic, while the cubic spinel does not possess this property.

In the same way an imitation ruby of red glass could not be confused with the genuine stone,

since the former, being amorphous, is not dichroic and shows the same colour in all

directions.

The detection of dichroism usually requires the use of a special instrument. The most

convenient instrument for the purpose is that devised by the Viennese mineralogist Haidinger,

and known as a dichroscope. This instrument is inexpensive and easily used, and should

h be in the hand of every one who buys or sells precious

stones, since a single glance through it is sufficient to
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establish the presence or absence of dichroism in a

stone.

This instrument is shown in section, and of its

actual size, in Fig. 28. It consists essentially of a

cleavage rhombohedron, C, of Iceland-spar (calcite),
l ig. 28. The dichroscope. (Actual .size.)

ö
. . \. • . , /

which is longer in one direction than in others. At
each of its oblique ends is cemented a glass prism or wedge, K, the outer surfaces of

which are perpendicular to the long edge of the calcite rhombohedron. A brass tube, h,

encloses these essential portions of the instrument, and has at one end a small square

aperture, b, and at the other a circular aperture, a. Between the circular aperture and

the glass prism, K, is placed a lens, L, of such a focal length that on looking through the

instrument in the direction ab a sharp image of the square aperture, 6, will be seen. This

image will, however, owing to the intervention of the doubly refracting calcite, not be single,

but double. The instrument is so proportioned that these two images, o and <?, will appear

side by side, in contact but not overlapping. The image o will be only slightly displaced

from the axis of the instrument and will be quite colourless : the image e is rather more

displaced, and shows a narrow red border on its inner edge and a narrow blue border on its

outer edge, as indicated by striations in the small figure at the side, otherwise the image is

colourless. The instrument is so constructed that the distance of the square aperture from

the lens can be varied, which enables the images to be sharply focused and adjusted so that

their edges are in contact.

In using this instrument, the precious stone to be tested for dichroism is placed over the

square aperture, b, and, the instrument being directed towards a clear sky, the observer
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places his eye close to the round aperture, a. An object-carrier, H, is sometimes provided

for the purpose of more conveniently holding the stone. This has the form of a brass

tube fitting loosely over the tube, Ä, and having the closed end perforated by an aperture

somewhat larger than the square aperture, b, over which the stone can be fixed with wax,

as shown in the figure. This arrangement allows the carrier H, with the stone attached, to

be rotated while the calcite rhombohedron remains unmoved. Should this carrier not be

provided, the stone may be fixed by wax to a glass-plate, or simply held in the fingers in

front of the square aperture, and the instrument rotated in the hand.

If the stone under examination is not dichroic, the two images o and e will be of the

same colour and will show no variation while the instrument or the stone is rotated through

360°. If, for example, a red garnet, which crystallises in the cubic system, is examined, the

two images o and e will both be of the same red colour as is the garnet itself when viewed

without the aid of the instrument.

The images o and e given by a dichroic stone, on the contrary, will be in general

differently coloured. In four particular positions, however, at 90° apart, the colours of the

two images are identical. On rotating the stone or the instrument a difference between the

colours appears, which gradually increases and reaches a maximum at 45° from the original

position. Further rotation will again result in a gradual decrease in the colour difference,

and at 90° from the original position the colours of the two images once more become iden-

tical. The same changes occur during the rotation through the remaining quadrants,

and thus a complete rotation of 360° is accompanied by eight changes from identity of

colour in the two images to maximum difference in colour between them and vice versd.

The juxtaposition of the two images makes it possible to detect the smallest differences in

colour, and consequently the slightest degree of dichroism.

We have previously seen that -doubly refracting crystals are singly refracting along the

direction of an optic axis; similarly dichroic crystals exhibit no dichroism in these

directions. To prove the absence of dichroism in a crystal it is therefore necessary to

examine it in two directions, or, as an additional precaution, in a third direction also.

After each observation the stone must be fixed on the holder, H, in a new position

and again rotated. The absence of dichroism can be conclusively proved only after an

examination of the stone in at least three different positions. The dichroism of a stone

may be so feeble that it is not possible to detect it even with the aid of a dichroscope ;

moreover, it must be borne in mind that a coloured doubly refracting stone is not

necessarily dichroic, and this feature is naturally absent in colourless doubly refracting

stones. The real or apparent absence of dichroism in a stone is therefore no proof of

its singly refracting character, but the presence of dichroism is, on the contrary, a conclusive

proof of the doubly refracting nature of the stone.

The degree of dichroism in a crystal varies according to the direction through which

the crystal is observed. The colours of the two images seen in the dichroscope in the

examination of all dichroic stones become the more nearly identical as the optic axis of

the stone becomes more nearly coincident with the axis of the instrument. Conversely, the

greater the angle between the axis of the dichroscope and the optic axis of the stone the

more marked will become the difference in colour between the two images. The two colours

between which there is the maximum difference are known as the principal or axial colours ;

these colours, as seen through the dichroscope, differ in tint from the colours the stone shows

when observed with the naked eye in the same direction. Uniaxial dichroic crystals, such as

tourmaline, show two principal colours, while biaxial crystals, such as cordierite, show three.

The pairs of colours, other than the axial or principal colours, shown by a precious stone
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in the dichroscope are due to various combinations of the principal colours. The axial

colours of each precious stone will be given below along with their special descriptions.

The detection of dichroism in a coloured stone is a simpler matter than the observation

of double refraction, and the dichroscope is a less expensive instrument than the polariscope,

hence the former is the more often used. The polariscope may also be used to detect the

presence or absence of dichroism by removing the NicoPs prism, n (Fig. 27), and placing the

stone to be tested on the object-carrier. If the stone is not dichroic, as for instance spinel,

there will be no change of colour as it is rotated with the object-carrier. If, on the contrary,

a dichroic stone, such as ruby, is examined in this way, the colour will be seen to change as

the stone is rotated, varying between two extremes ; the change from one extreme to the

other will occur four times during a complete rotation of 360°. These two colours are

identical with those seen when the stone is examined in the same position in a dichroscope ;

the advantage of the latter instrument lies in the fact that the two colours can be seen side

by side, and thus small differences between them more easily detected. Just as in the use

of the dichroscope, several observations must be made before the absence of dichroism

can be considered to have been conclusively proved. As explained before, in using the

polariscope the portion of the field occupied by the stone may remain dark owing to

the total reflection of light within the stone. This can be avoided as before, by placing

the stone in a certain position or immersing it in a strongly refracting liquid. Care must

also be taken that all side light, which might be reflected from the surface of the stone,

is screened off with the hand, or by means of a paper tube placed around the stone.

As we have already seen, dichroism is a character of which important use can be made

in identifying precious stones, and in distinguishing them from each other and from glass

imitations. Moreover, its observation does not necessitate a mounted stone being removed

from its setting, which would often be necessary in the observation of other optical

characters.

Dichroism is a character of precious stones which is important also from other points of

view, such as that of the lapidary- A stone in which dichroism is strong must be so cut

that the rays of light received by the observer have passed through the stone in a direction

such that they will appear of the finest colour possible. Such a stone as cordierite, for

example, must be so cut that the dark blue colour is prominently brought out, which will

give a far more pleasing effect than if the fight blue or yellowish-grey were predominant.

The beauty and, consequently, the value of two pleochroic stones of the same size

and quality will accordingly depend upon the manner in which they are cut, and hence a

knowledge of the dichroic properties of stones is of importance to the gem-cutter.

Dichroic stones are sometimes cut and mounted in a manner which will bring out this

character as prominently as possible. With this object in view a cube is fashioned out

of the stone, the faces of which are perpendicular to the directions in which the greatest

differences in colour are exhibited. Such cubes are pivoted at one corner, so that on being

turned round the different colours will successively come into view. Cordierite, andalusite,

and other stones are cut and mounted in this way, as will be explained in more detail later.

7. Special Optical Appearances and Colour Effects.

In this section we shall consider certain optical peculiarities and colour effects of a

special and more or less abnormal kind ; these features are not shown by every specimen of

a particular mineral species, but only by isolated examples. These appearances are

governed by the ordinary laws of reflection and refraction of light, and are due to the
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peculiar and unusual conditions present in each case. The exact nature of these conditions,

and the manner in which they cause the abnormal appearances, is not completely known in

every case ; as full an explanation as is possible will be given in the description of each

particular case.

The play of prismatic colours exhibited by the diamond has already been dealt

with in detail ; we have here the simplest case of the refraction and dispersion of light.

The prismatic colours produced by cracks in the interior of a transparent stone, and

best shown in colourless examples, gives rise to the appearance usually known as

iridescence. The irregular fissures, or more frequently the plane cleavage cracks, inside

a crystal represent narrow crevices, which may be vacuous or filled with air; these films

give rise to the brilliant prismatic colours known as Newton's rings, or as the colours of thin

films or plates. These colours, which are shown to perfection by soap-bubbles, are inde-

pendent of the colour of the substance itself, or of any colouring-matter contained in it, but

are due to purely physical causes connected with the passage of white light through the film.

The phenomenon which thus gives rise to the appearance of prismatic colours is known to

physicists as the interference of light.

Some iridescent stones, such as rock-crystal, are occasionally cut so as to bring the

crack, to which the display of prismatic colours is due, near the surface, and thus render

them the more striking. Especially beautiful prismatic colours are shown by some kinds of

colourless opal, namely, the so-called noble or precious opal (Plate XVI., Figs. 6-9). These

colours are not shown over the whole surface of the stone, but in small discontinuous patches,

closely aggregated. This appearance in opal is certainly a kind of iridescence, but as to its

exact cause there is still a difference of opinion.

The translucent or semi-transparent variety of potash-felspar or orthoclase, known as

adularia, sometimes shows a bluish or milky reflection of light, not from the whole surface

but only from certain crystallographic planes. This opalescent appearance is specially

prominent when the stone is cut and polished with a rounded convex surface, over which,

when the gem is moved, a streak or wave of such reflected light passes. This appearance,

being specially pronounced in adularia, is sometimes known as adularescence. It has

been compared to the soft light of the moon, and specimens showing it to perfection are

called moon-stones (Plate XVI., Figs. 4 and 5), and are often used for ornamental purposes.

The pearly opalescence of adularia is due to reflection of light from internal platy fractures

or planes of separation, and from microscopically small crystal plates embedded in the

adularia along these planes.

A similar appearance is shown by some specimens of chrysoberyl, which are also valued

as precious stones under the name of cymophane or catVeye (Plate XII., Fig. 11), since the

sheen of this green, yellowish-green, or brown stone recalls the appearance of the eye of the

cat. We shall see later on that there is a variety of quartz having this same appearance

;

the chrysoberyl variety is therefore distinguished as true or " oriental catVeye."

The brilliant colours shown on certain faces of labradorite, a felspar from Labrador

(Plate XVI., Fig. 2), as well as by a potash-felspar from Fredriksvärn in southern Norway

(Plate XVI., Fig. 3), is also, like adularescence, due to the presence of numerous minute

crystal plates enclosed in the felspar and arranged parallel to these planes. The appearance

resulting from the peculiar structure of these minerals is known as change of colours or

labradorescence. In most positions these minerals are dull grey and unattractive

looking, but certain faces in reflected light, and at a certain inclination to the light, show

the most brilliant shades of green, blue, violet, red, yeUow, &c. The small plates, which

o-ive rise to the reflection of coloured light, may be seen under the microscope embedded in
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the material ; they consist of an unknown substance which is very feebly refracting, but it is

possible, however, that some are mere vacuities. The whole of the polished surface of such

a mineral may reflect the same colour, or different areas of the surface may show different

colours. Except with a particular inclination of the light, however, no colour of any kind

is seen. On account of this beautiful exhibition of colour, Labrador felspar is more often

used for ornamental purposes than is the felspar of Fredriksvärn, the colour of which is less

brilliant and variable.

On certain faces of the minerals hypersthene, bronzite, and diallage, when viewed in a

particular direction in reflected light, is to be seen a metallic sheen, uniform in character

over the whole surface. These minerals consist of non-metallic substances, and the metallic

lustre seen on certain faces is due to the presence of numerous minute plates embedded in

the substance of the mineral, parallel to certain directions. When cut and polished with

a plane or curved surface parallel to these directions, these minerals are sometimes used as

ornamental stones. Hypersthene shows a fine, dark, copper-red reflection ; while in the

other minerals grey, yellow, green, and brown colours are predominant.

A red metallic glittering sheen is also exhibited by avanturine-quartz ; here, however,

it is not distributed uniformly over the whole surface, but occurs in numerous small isolated

points. These can be seen with the naked eye to be due to small scales of mica enclosed in

the quartz ; in the same way, avanturine-felspar, or sun-stone, encloses small plates or

scales of haematite.

Beautiful effects due to the modification of light are sometimes seen in minerals which

possess a more or less pronounced fibrous structure. Such stones when cut with rounded

surfaces in the direction of the fibres exhibit a wave of milky light travelling over the

surface of the stone as it is moved about. Ordinary cafs-eye, also known as quartz-cat's-eye

(Plate XVIII., Figs. 4a and 4b), consists of quartz enclosing numerous fibres of asbestos all

arranged in the same direction ; the asbestos may sometimes have been weathered out, in

which case the quartz will be penetrated by numerous fine hollow canals. These fibres or

canals cause much the same appearance as that seen in adularia and cymophane (oriental

cafs-eye), and in this case it also is known as opalescence or chatoyancy. Quartz-cafs-

eye may be green, brown, or yellow, and is similar in appearance to the true or oriental

cafs-eye. This similarity does not extend to the structure which is the cause of this

appearance, for the sheen of quartz-catVeye is in reality of the nature of a fine silky lustre,

such as is often shown bv minerals possessing a fibrous structure, the character of which is

modified, however, in the present case, by the nature of the quartz itself. Another variety

of fibrous quartz is tiger-eye which is often used for cheap jewellery ; it shows a fine golden

reflection, and has a marked tendency to metallic lustre (Plate XVIII., Fig. 5).

The appearance known as asterism belongs to the same class of phenomena ; it is

most frequently seen in ruby and sapphire among precious stones, but is not confined to

these. When one of the hexagonal crystals of ruby or sapphire (Fig. 53, e-i) has a plane or

curved surface cut at the ends, a six-rayed star may be seen by viewing a flame through the

stone, or by observing the milky reflection from the surface of the stone. Such stones are

known as star-, or asteriated-sapphires or rubies as the case may be, or simply as star-stones

or asterias. The effect is produced by reflection of light from a multitude of extremely fine,

hollow and long canals. These canals lie in one plane, and are arranged in three directions

inclined to one another at 120°. The planes which contain the canals are perpendicular to

the principal crystallographic (vertical) axis of the crystal, that is, they are parallel to the

plane in which the stone must be cut. According to another view, the star is due to

the reflection from numerous twin-lamellae arranged in three sets.
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Finally, the phenomena of fluorescence and phosphorescence must be briefly described,

though they are of little importance in the case of minerals used as precious stones.

Fluorescence is shown to a marked degree by fluor-spar from the lead mines of

Cumberland ; the phenomenon, indeed, takes its name from this mineral, which is known to

mineralogists as fluor or fluorite. A fluorescent substance appears ofone colour in transmitted

light and of quite another in reflected light; thus fluor-spar from Cumberland is green in

transmitted light and purple in reflected light. This mineral is, however, very little used as

a precious stone ; one which is used more frequently for this purpose is amber, and specimens

from certain localities, namely from Sicily and Burma, show a remarkable fluorescence.

Amber from these localities varies in colour from yellow to brown in transmitted light, and

from green to blue in reflected light. The rounded polished surface of such specimens shows

a peculiar sheen, which, according to present tastes, diminishes the beauty of the stone, and
consequently its value.

Substances in which the phenomenon of phosphorescence is seen emit, when
submitted to certain external influences, a soft, white or coloured light which is often

only distinctly visible in a dark room. In some cases the emission of light persists for some

time, while in others it lasts for a much shorter time, perhaps for only a few moments.

Phosphorescence is exhibited by several precious stones, and may therefore aid in their

recognition or discrimination. Two pieces of rock-crystal (quartz) phosphoresce when rubbed

one against another ; diamond shows a marked phosphorescence when rubbed on cloth ; even

when lightly rubbed on a coat-sleeve it will be seen in the dark to phosphoresce brilliantly.

Many diamonds also phosphoresce after being exposed to the direct rays of the sun ; they

store up the sunlight, as it were, in order to give it out again when placed in darkness.

Lapis-lazuli from Chili phosphoresces when warmed to a temperature considerably less than

that of red-heat ; white topaz, some diamonds, and other minerals behave in the same way.

In many minerals the phosphorescence induced by warming lasts only for a short time, but

may be produced again and again on reheating.

E. THERMAL, ELECTRICAL, AND MAGNETIC CHARACTERS.

There is nothing of special importance in the behaviour of precious stones when exposed

to the influence of heat, or in their electrical and magnetic characters.

1. Thermal Characters.

Different minerals differ very considerably in their conductivity for heat, and this

character may serve in some cases to distinguish minerals similar in appearance from each

other. The majority of precious stones are good conductors of heat, and on this account

they are cold to the touch, since the heat of the hand is quickly conducted away. Glass

is a somewhat poorer conductor and hence a glass imitation is not so cold to the touch

as a genuine stone, since the warmth of the hand is not so quickly conducted away. The

difference in the power of conducting heat of genuine stones and their imitations may thus,

under certain conditions, afford a means of distinguishing between them ; the specimens tested

must not, however, have remained long in the hand nor have been otherwise warmed, neither

must they be too small. It is said to be possible for an expert to select, by the sense of

touch alone, a diamond out of a bag containing a large number of pieces of glass of similar

size and shape.

Amber is one of the feeblest conductors of heat ; its conductivity is much less than that of

glass, hence a piece of amber can be easily distinguished from its imitation in yellow glass,
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since it feels so much warmer to the touch. Another substance having a feeble conductivity

for heat is jet, a variety of coal, which is frequently made use of for mourning ornaments.

An opaque, black glass is often used for the same purpose, but a single touch of the finger

tips is all that is needed to enable an expert to distinguish between the two.

A device for distinguishing a genuine from an imitation stone, depending upon the

power of conducting heat, is to breathe upon the stone. The moisture of the breath will

condense upon the genuine stone with more difficulty than upon glass, and when condensed

will disappear again much more rapidly, since the precious stone is both more rapidly

warmed and more rapidly cooled than is glass.

For the purpose of distinguishing rough stones, their fusibility before the blowpipe

may sometimes be made use of. All glass imitations are easily fusible before the blowpipe,

while few of the minerals used as precious stones can be so fused. Red garnet is one such

mineral, and can be easily distinguished from other red stones which are infusible before the

blowpipe, such as ruby and spinel. The application of this test is naturally limited to rough

stones, splinters of which can usually be detached for examination.

2. Electrical Characters.

Many precious stones when exposed to certain external influences acquire a greater or less

charge of electricity. They differ from each other in the length of time this charge can be

retained, some retaining it for a considerable time, others for a less time, perhaps only a few

minutes.

The French abbe, Haiiy, the founder of modern scientific mineralogy, attempted to

make extensive use of these characters as a means of identifying stones and distinguishing

them one from another. In his book, published in 1817, Tratte des caracteres physiques

des pierres precieuses, he devoted seventy-two out of a total of two hundred and fifty-three

pages to the consideration of electrical characters, while the optical characters are dismissed

in thirty-two pages. A comparison with the number of pages devoted to the treatment of

these two branches in the present volume, shows how much more important to-day is the

consideration of the optical characters of minerals.

The examination of the electrical, as of the optical, characters of a stone, has the

advantage that no injury to the stone results therefrom. The observation of electrical

characters, however, requires a certain amount of skill and practice ; for the detection of

the very small electrical charges acquired by most precious stones is difficult ; and, further,

these observations must be conducted in a perfectly dry atmosphere, a condition not

always easy to obtain. Any charge located on the surface of a stone is rapidly lost in

a damp atmosphere, and a stone which retains its charge in dry surroundings will rapidly

lose it in the presence of moisture. The length of time a stone retains its charge,

a test to which Haiiy attached great importance, depends largely therefore upon

external conditions.

At the time Haiiy was engaged on his researches the methods of electrical investiga-

tion were, at least for his purposes, fairly well developed, while methods for the optical

investigation of minerals had received little or no attention. Observers had indeed noticed

that some minerals were singly refracting and others doubly refracting, but there was no

polariscope to give precision to their observations and the phenomenon of dichroism had yet

to be discovered. We can thus readily understand why Haiiy attached so much more

importance to the electrical than to the optical characters of minerals and precious stones.

With the discovery of the dichroscope and a convenient polariscope the optical characters
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of minerals assumed their true importance, while their electrical characters became a minor
consideration, as may be gathered from their brief mention in this place.

For the purpose of demonstrating the existence of a charge of electricity upon the
surface of a stone an instrument known as an electroscope may be used; for very feeble
charges an electrometer of complicated construction will be necessary. Haüy employed
for this purpose an " electrical needle"; it consisted simply of a brass rod, terminated at
either end by a small brass ball, and balanced on a vertical fine steel point, on which it could
turn freely like a magnetic needle. An electrically charged body, when presented to either
of the balls, would attract it. By giving an electric charge to the balls, they would be
attracted or repelled on the approach of a body according as its charge was unlike or like

that of the balls. The electric pendulum, consisting of a pith ball suspended by a silk

thread, served the same purpose. With the help of such instruments it is easy to

demonstrate that minerals, including precious stones, become, under various conditions,

charged with electricity ; the fact of itself is, however, of little note.

After rubbing on cloth all precious stones, like glass, become positively electrified.

Topaz and tourmaline become strongly electrified after such treatment, diamond less

strongly, and the majority of precious stones only feebly. Smooth faces are more
susceptible of electrification than are rough ones, and hence cut stones furnish the most
favourable material for this purpose. In perfectly dry air, some precious stones retain an
electrical charge for a comparatively long period ; this is especially so in the case of topaz,

the electrification of which can be detected after an interval of thirty-two hours ; sapphire will

retain its charge for from five to six hours, and diamond for half an hour. Colourless topaz,

colourless sapphire, and diamond may be distinguished by this difference in their behaviour ;

after imparting a charge by rubbing with a cloth, the stones should be laid on a metal plate

and their electrical state tested from time to time. The majority of precious stones lose

their charges with great rapidity, some, indeed, after only a few moments.

Amber, like other resinous substances, becomes negatively electrified on rubbing, and so

strongly that it attracts to itself any light bodies, such as pieces of paper. These, after

contact with the amber, themselves become charged and are then repelled by it. This

particular character of amber is of value as a means whereby it may be distinguished from

its imitations, which will be mentioned later uuder the special descriptions.

The electricity developed on some precious stones when under the influence of changes

of temperature is known as pyroelectricity. The charge produced in this way on the

surface of a stone varies in sign at different areas of the surface, the charge at one point

being positive while that at another is negative. Those parts of the surface which become

positively electrified on heating become negatively electrified on cooling, and vice versa.

Tourmaline and topaz are remarkable for the strength of the pyroelectrical charge they

acquire ; and this distinguishes them from other precious stones, which when exposed to the

same influences acquire but feeble charges, or none at all. Thus, with the help of one of

the electrical instruments mentioned above, a red tourmaline can be distinguished from a

ruby, and a greenish-blue topaz from an aquamarine of the same colour ; for the former

in each case will show a strong pyroelectrical charge, and the latter none. During the

gradual cooling of tourmaline after being heated, it assumes the power of attracting light

bodies to itself, as does amber after being rubbed.

3. Magnetism.

Some minerals, such as magnetite, are magnetic and respond to the influence of a

magnet, being attracted by it. Magnetite has a black metallic lustre, and a certain
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titaniferous variety, namely iserine, takes when polished a very brilliant lustre, and is

sometimes used for ornamental purposes. The magnetic character of magnetite distinguishes

it from other black stones, all of which are either non-magnetic or very feebly influenced

by a magnet.

D. OCCURRENCE OF PRECIOUS STONES.

A complete account of precious stones must include a consideration of the localities at

which they are found and the conditions under which they occur in nature. These subjects

will be dealt with in a general way here, and again more in detail with the special description

of each precious stone.

Precious stones, like other minerals, have two distinct modes of occurrence. They may,

on the one hand, be found at that spot in the earth's crust where they had their genesis, or,

on the other hand, owing to the weathering and breaking down of the rocks and the action of

transporting agencies, we may find them in secondary deposits far from their original home.

Precious stones, in their primary situation, frequently form a constituent of the rocks

which make up the earth's crust at that place. They are embedded in the so-called mother-

rock, and were formed at the same time as the other constituents of the rock. Under such

conditions, stones sometimes show regularly developed crystal-faces, but more frequently

their boundaries are irregular and distorted. A perfectly developed crystal of red garnet

(almandine) embedded in its mother-rock of gneiss is shown in Plate XIV., Fig. 3, while

Fig. 69 shows the completely developed crystal after being isolated from the mother-rock.

Many precious stones and minerals, however, are found not completely embedded in the

rock-mass but attached to the walls of cavities in the rock and projecting freely into the

interior space. These cavities may be either completely enclosed by the rock, in which case

they are of various shapes and sizes, or they may partake more of the nature of cracks and

fissures penetrating the rock and varying in width and length between wide limits. The

formation of minerals found inside such cavities is always of later date than that of the rock-

mass itself. Such later-formed minerals may completely fill a cavity or fissure, or they may
form a more or less thick incrustation on its walls.

Such cavities lined with crystals are known as drusy cavities or druses. Crystals

detached from a drusy cavity will show a broken surface at the end by which they were

attached to the wall of the cavitv, but in other directions they will be perfectly developed in

accordance with the type of symmetry peculiar to them. These attached crystals differ in

this respect from the embedded crystals, mentioned above, which latter are equally developed

on all sides.

The quartz crystals shown in Figs. 85 b — d, are examples of attached crystals broken

away from their underlying matrix, while Fig. 85 a is a representation of an embedded

quartz crystal, equally developed on all sides. In Figs. 85 b — d, the irregularly broken

point of attachment of each crystal is directed downwards and is fairly large; it is

sometimes, however, quite small and may be hardly observable. A group of crystals,

of the variety of quartz known as rock-crystal, such as frequently occurs in crevices and

fissures in the gneiss of the Alps, is shown in Plate XVII.

More important than the occurrence of precious stones in primary rocks is their presence

in loose, secondary deposits, which have been derived from the weathering and breaking

down of primary rocks, and are known as gem-sands or gem-gravels.

The mother-rock, in which the precious stones were originally formed, has been exposed

to the action of atmospheric agencies, rain, frost, &c, and has become weathered at the
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surface. Some of the constituents of the rock are dissolved in water and carried away and
thus the cohesion of the mass is destroyed. The more or less loose, clayey, or sandy residue
is the weathered product, and this will contain the precious stones which were present in
the original rock, since, as a rule, they are unattacked by weathering agencies. The precious
stones will be present in the weathered product in relatively greater numbers than in the
original mother-rock.

It will be readily understood that it is more profitable to work weathered material than
the unaltered primary rocks for precious stones, for not only is the former relatively

richer in gem-stones than the latter, but it allows of the stones being easily separated or
washed out. The extraction of a gem-stone from solid rock involves much labour and
patience, and, even when every care is taken, may result in serious damage to the stone.

The loose, incoherent material which results from the weathering of a rock, when it

contains a mineral worth extracting for technical purposes, is known generally as a sand, and
as a gem-sand when it contains precious stones. It is in such sands which, wherever they
occur, cover the solid rocks and form the outer portion of the earth's crust, that the most
valuable precious stones are found, such, for instance, as diamond, ruby, and sapphire. They
are separated from these masses of detritus by the process of gem-washing, in which the

heavier stones and larger fragments remain behind, while the lighter clayey and sandy con-

stituents are washed away.

When the weathered material has not been carried away by the various transporting

agencies, but remains near the parent rock, the precious stones and other minerals it contains

will preserve intact the sharp edges and the crystalline form they possessed when embedded

in the solid rock. Such cases, however, are rare ; much more frequently the whole of the

loose material is transported in streams and rivers, and is finally deposited in a lower part of

the valley, far away from its original resting-place. In such river sands and gravels, which

are known as alluvial deposits, the mineral fragments, and even the precious stones, in

spite of their hardness, become so rubbed by mutual friction during their travels that all

angularities are lost, and they present the appearance of smooth, rounded pebbles or grains.

The presence or absence of this smooth water-worn appearance in the mineral fragments

of rock detritus is conclusive proof in the one case that water has been the transporting

agency, and in the other that it has not. The greater the hardness of the precious stone

transported in gravels by water, the less will be the rounding it undergoes ; even diamond,

the hardest of materials, may show traces of rounding if the action of other softer stones is

only continued long enough.

The precious stones, found in such water-worn materials, are frequently superior to

specimens which have not been subjected to the action of running water, and are still to be

found in their parent-rock. Such stones are frequently traversed by fissures, often scarcely

visible, but enough to make them unfit for use as gems, since, as has been mentioned before,

they have a tendency to break along these fissures. Precious stones which have been rolled

about and ground together in the bed of a river during long ages have undergone a fairly

severe trial ; any which have a tendency to fragment will be reduced to splinters at an early

stage of their journey ; those, on the other hand, which survive may be considered to have

proved their durability.

As regards the geographical distribution of precious stones, it may be mentioned

that in former times the most valuable came from India and other parts of the " Orient.
1'

It was therefore believed in the Middle Ages that the glowing sun of tropical countries was

essential to the development of those qualities in precious stones which are so highly prized,

and that specimens from colder countries were deficient in these qualities. Every good stone,
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of which the locality was not certainly known, was for this reason assumed to have come

from the " Orient.*'
1 A remnant of this belief still lingers in the application of the terms

" oriental " to the more valuable, and " occidental
,1

to less valuable stones. It has now

long been known that the habitat of the finest of precious stones is by no means confined

to the " Orient
11 and hot countries, such as India, Ceylon, Burma, Siam, Brazil, Colombia,

&c, but that equally fine stones may also be found in North America, the Urals, and other

Northern Countries. The terms" oriental
11 and "occidental,

1
' as now applied, have no

longer a geographical signification, but refer simply to the quality of the stones to which

thev may be applied. Thus to distinguish cymophane from the more common quartz-cafs-

eye it is termed " oriental catVeye 11

; in the same way yellow sapphire is known as

" oriental topaz,
11

and yellow quartz as " occidental topaz.
11 The various localities in which

precious stones are and have been found will be considered in detail, along with the special

description of each precious stone.

II. APPLICATIONS OF PKECIOUS STONES.

The use to which a precious stone is put depends in the first place on its appearance,

and in the second on the hardness it possesses. Should it possess beauty of appearance

combined with a fair degree of hardness, it may be used as a personal ornament, while if it

possesses hardness alone, there are various technical purposes it may serve.

A. TECHNICAL APPLICATIONS.

The technical applications of precious stones are not numerous, and need be but briefly

mentioned here.

Since the year 1700 the pivot-bearings of watches and delicate chronometers have been

made of some hard precious stone, since this material will best withstand the continual wear

of the steel axis. The stones commonly used for this purpose are known as " rubies,
11 but

are in reality chrysoberyl, topaz, spinel, or indeed any stone the hardness of which is greater

than that of steel. The true ruby would of course answer this purpose, but a stone so

valuable for ornamental purposes would naturally not be used when cheaper substitutes are

available. Any precious stone which has the required degree of hardness, and which from

cloudiness, opacity, or any such blemish, is unsuitable for use as a gem, may be utilised for

the purpose.

The pivot-supports of other delicate instruments, such as balances, &c, are made of

agate or some other hard stone ; by this means the wear is reduced to a minimum, and the

delicacy of the instrument preserved unimpaired for long periods. In the manufacture of

very fine gold and silver wires, the hole through which the wire is drawn is usually made

in some hard precious stone ; this will withstand the continued friction, and thus avoid the

possibility of gradual increase in the diameter of the hole, and consequently in that of the

wire. Tools used in polishing metals and for similar purposes are also made of hard stones,

preferably of agate.

Those precious stones which have the greatest technical importance as abrasive agents

are naturally those which are at the same time the hardest of stones, namely, diamond and

corundum. For such purposes the latter is used in its impurest state, when it is known as
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emery. The use of these materials in the cutting, grinding, and polishing of precious stones

will be dealt with below in the special description of these processes.

The diamond, on account of its extreme hardness, has many other technical applications,

which will be noticed in deiail further on under the special description of this stone. It is

used for engraving and boring precious stones and other hard materials, while its use in

rock-drills for mining and other operations is scarcely less extensive than its use as the

glazier's diamond.

B. APPLICATION AS JEWELS.

The use of precious stones as gems is much more extensive and varied than for any

other purpose. In their rough state they have not, as a rule, a pleasing appearance, and

therefore are unsuitable for this purpose ; it is only after cutting and polishing that their

beauty appears in all its fulness.

The process of cutting aims at giving each stone such a form as will best display its

natural lustre and beauty. Thus the form in one case may be rounded, in another bounded

by small faces or facets, the latter being very frequently used. The various modes of

cutting in vogue at the present day, each of which is best suited to the idiosyncrasy of the

particular stone to which it is applied, are the results of centuries of trial and observation

on the part of gem-cutters. Thus the form in which transparent stones are cut differs from

that best suited to opaque stones ; and in the same way, the form in which dark-coloured

stones are cut differs from that given to lighter or colourless specimens. The appearance

of each would suffer if it were given any other than its own appropriate form.

The amount of refraction and dispersion exercised upon light by a transparent stone

greatly affects its appearance, as has been shown in the case of diamond. It has also been

shown that to obtain a maximum effect, the greater part of the light which enters by the

front facets of a cut stone must be reflected from the back facets, and must again pass out

by the front facets. Since the path of a ray of light in a stone varies with the refractive

index of the stone, and this character is different in different stones, it follows that the

form of cutting must be adapted to the requirements of each particular case. It is thus the

task of the gem-cutter to give to each stone that form which is calculated to bring out and

display its beauties to the greatest possible advantage, and which, at the same time,

involves the least possible waste of valuable material.

Gem-cutters, by prolonged experience, have arrived at certain empirical rules which

are always applied, and which are modified to suit particular cases. In colourless stones,

for example, there must be a fixed proportion between their breadth and their thickness,

and there should be also certain relations between the shape of the back and that of the

front of the stone.

Too great depth in a cut stone is as inimical to the full effect of its beauty as is too

great shallowness. In the one case a stone is said to be thick or " lumpy," and in the other

thin or " spread.
11 Of two similar stones, one of which errs on the side of too great depth,

and the other on that of too great shallowness, the latter is to be preferred. The facets at

the back of the stone must occupy a certain position relative to the front facets, otherwise

the light entering by these will not be totally reflected from the back.

The same rules apply also to coloured stones. In this case the depth the stones are

cut is important, and this must vary with their intensity of colour. A deeply coloured

stone if too thick will appear dark or almost black, while a pale coloured stone will not

exhibit a sufficient depth of colour unless it is cut of some thickness.
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So long as the mutual relations of the facets of a cut stone are correct, the direction

these take relative to the faces of the natural crystal is in most cases immaterial. In a few

special cases, however, the directions of the cut facets must bear a definite relation to certain

crystallographic directions in the stone. Thus the special colour effects of labradorite,

moon-stone, &c, are only manifest in certain directions ; if cut in other directions, the

beautiful effects for which these stones are prized would be lost. This is also true in the

case of dichroic stones, which, as we have already seen, vary in colour in different directions.

Other cases of the same kind will be mentioned with the special description of each precious

stone.

In the cutting of any given rough stone, not only must it receive the form best

calculated to display its special beauties, but the facets must be cut in such positions as to

involve the least possible waste of material, thus obtaining the largest possible size for the

cut stone. In considering the positions in which the facets are to be cut relative to the

boundaries of the rough stone, there are still other points which may require attention.

Thus the rough stone may have a flaw, and in this case the facets should be so placed that

the faulty material will be cut away altogether, or, at least, so located in the cut stone that

the beauty of the latter is impaired as little as possible.

With rough material containing flaws, a question will often arise as to whether, in the

cut stone, size should be sacrificed to beauty, or vice versa. European gem-cutters are

generally unanimous in the opinion that such a specimen should be cut so as to attain the

highest possible degree of perfection and beauty even if this should involve considerable

loss of material. A small stone, all the beautiful features of which are displaved to their

full advantage, is more highly prized than a larger stone, the beauty of which is less perfectly

developed. In every rough stone, the aim of the gem-cutter is to obtain a cut stone of the

largest possible weight combined with the greatest possible beauty, since, the latter

condition being fulfilled, the price obtained for the cut stone varies with its weight. The

earnings of a cutter of precious stones depend largely upon his skill in treating each stone

so as to obtain the greatest effect with the least waste of material.

These principles have not always been followed, for in earlier times the aim in gem-

cutting was to reduce the size and weight of the stone as little as possible. This is the case

even at the present day in India and the East generally, as well as in various remote parts

of the world where precious stones are found. Stones so cut have their facets very irregularly

grouped, and consequently much of their beauty is undeveloped. Such stones are unfit for

use in European jewellery, and are frequently re-cut according to modern principles ; the

increased beauty of their appearance so obtained more than compensates for the loss of the

material cut away.

We now pass to the consideration of the various shapes and forms in which precious

stones are cut with a view to their use in jewellery.

A. FORMS OF CUTTING.

The various forms of cutting which have been found by experience to be most effective

for gems and which are at present exclusively used, at least for valuable stones, fall naturally

into two groups. The one includes all forms having facets, the other embraces forms of a

rounded or cabochon shape. All faceted forms may be referred to one or other of four types

according to the number and arrangement of the facets ; forms intermediate between these

types may also be met with.

The facets of a cut stone may be more or less uniformly distributed on all sides, or,
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again, they may be all located on one side, the other side being occupied by a single large
facet. In the latter case we have the form of cutting known as the rosette or rose. A cut
stone provided with facets on all sides is represented in Fig. 29, a and c being views from
above and below respectively and b from the side. When such a stone (Fig. 29) is set as a
jewel the side turned towards the observer is known as the upper portion or crown, while the
opposite side or lower portion is referred to as the culasse or pavilion. The facets of the
crown and of the culasse meet in the edge RR (Fig. 29 b), which is known as the girdle or
edge, and is the portion of the stone which is fixed in the setting. The whole forms, as it

were, a double pyramid with truncated summits, each pyramid having a common base in the
girdle.

Of the four types of faceted stones the rose or rosette type has been already mentioned ;

the remaining three are known as the brilliant-cut, step-cut, and table-cut. The number,
arrangement, and grouping of the facets differ in these three types, but each has a crown, a
culasse, and a girdle.

These different forms of cutting, which are illustrated in Plates II.-IV., must now be
considered more in detail. In these plates, the same figure-number is given to different

aspects of the same stone, the addition of the letter a, b, or c to the figure-number indicating

that the stone is represented as seen from the side, from above, or from below respectively ;

the same letters are also used when only one or two of the three aspects are represented.

Plate II. gives a series of forms of the brilliant, and Fig. 1 of Plate III. belongs to the same
series. The other figures of Plate III. represents variations of the step-cut, while Plate IV.

shows various kinds of rosettes, table-stones, and stones cut en cabochon.

The expense involved in a complicated form of cutting with regular facets, grouped in

the way experience has shown to be most effective, is very considerable ; such perfection in

cutting is never bestowed upon cheap materia], but only upon more valuable stones which

will repay the outlay. In the cutting of less valuable stones, they receive the correct form,

but the facets are reduced in number and less attention is paid to their regular and precise

distribution ; by these means the expense of cutting is considerably lessened though the

appearance of the stone suffers.

1. The Brilliant.—This form of cutting is said to have been originated by Cardinal

Mazarin, and was first employed at the time this minister was endeavouring to revive the

diamond-cutting industry in Paris. Mazarin caused twelve of the largest diamonds of the

French crown to be cut in this form, and these stones have since been known as the twelve

" Mazarins.
11 The existence of only one of these stones, however, is now known, and the

genuineness even of this is doubted. The superiority of the brilliant over all other forms

of cutting for diamond and other colourless, transparent stones, and also for some

coloured stones, is now so firmly established that it is at present by far the most generally

used. Only in quite exceptional cases is a good diamond cut in a form other than that of

the brilliant ; indeed, so generally is this form given to diamonds, that they are often referred

to colloquially as " brilliants.
11

Coloured, transparent stones are very frequently brilliant-

cut, but not so invariably as is the case with diamonds.

The upper portion or crown, 00, of a brilliant (Fig. 29) bears a broad facet, b, known as the

table, while the lower portion or culasse, UU, bears a much smaller facet, B, known as the

culet (or collet), both being parallel to the girdle, RR. Of other facets, those meeting the

table in an edge and lying wholly in the crown of the stone, are known as star facets and

are lettered d in the figure. The cross facets, lettered f, g, E, and D in the figure, meet the

girdle in an edge; some lie in the crown of the stone and some in the culasse. Between the star

and cross facets, which are triangular in shape, lie other larger facets having four or five
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edges ; those which lie above the girdle are lettered a and c in the figure, while those which

are below are lettered A and C ; these facets are not, however, invariably present in the same

FlG. 29. Brilliant (triple-cut), a, view from above ; &, from the side ; e, from below.

number. The girdle, RR, always lies in a plane, and forms the boundary of the stone as seen

in Figs. 29 a and 29 c.

Several varieties of the brilliant-cut are distinguished according to the number of facets

present. The double-cut brilliant, shown in Plate IL, Fig. 1 a, &,c,has four triangular star facets

arranged so that their four upper edges form the boundaries of the square table, while the

four opposite angles of each lie in the girdle. The space between each pair of adjacent star

facets is occupied by three cross facets, the central one of each group having the form of an

isosceles triangle, and the cross facet on either side having the form of an oblique triangle.

On the crown or upper portion of such a stone, therefore, there are sixteen facets besides the

table ; these facets are arranged in two series, hence the term " double-cut brilliant.''' The

under portion consists of twelve triangular cross facets, which are the same in number and

arrangement as the cross facets in the upper portion ; between these lie four five-sided

facets, intersecting the small culet in short edges.

The English double-cut brilliant, differing somewhat from the double-cut brilliant just

described, is shown in Plate IL, Fig. 2 a, b, c. Here the table is the centre of an eight-

rayed star, formed of eight triangular star facets, which alternate with eight triangular

cross facets. The facets of the lower portion are similar to those of the ordinary double-

cut brilliant (Fig. 1 c) ; the corner cross facets having the shape of isosceles triangles are,

however, occasionally absent (Fig. 2 c).

The number of facets present in the forms of double-cut brilliants does not allow of

the perfect development of the brilliancy and the play of prismatic colours of the stone.

Such forms are therefore given usually to small and less valuable stones ; for large stones

the triple-cut brilliant is more appropriate. Here three series of facets lie one above the

other on the upper part of the stone ; the total of thirty-two facets, exclusive of the table, is

made up of eight triangular star facets, sixteen triangular cross facets, and eight four-sided

facets. The arrangement of these different facets is shown in Fig. 29, and in Plate II.

Figs. 3 and 4. The under portion of the stone has also sixteen cross facets, while the small

culet is surrounded by eight large, five-sided facets. The form, shown in Fig. 29, and

Plate IL, Fig. 3 a, b, c, in which the girdle has a roughly square outline, is now somewhat

out of date ; since the eighteenth century the form shown in Plate IL, Fig. 4 a, b, c, has

received more favour. The facets of this form are the same in number and arrangement,

but are more nearly equal in size, and the outline of the girdle approximates very close to a

circle. The outline of the girdle is not, however, by any means constant, it depends largely

upon the natural form of the stone before it is cut. In Fig. 5 b, c, it is oval, in Fig. 6 b, c,

it is pear-shaped, and in Fig. 7 a, b, c, it is roughly triangular in outline. The last case is
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Plate II.

Brilliant Forms, la, b, c. Double-cut. 2a, b, c. English double-cut (double-cut brilliant with star).

3 a, b, c. Triple-cut, old form. 4 a, b, c. Triple-cut, new form, round. 5 b, c. The same, oval.

6 b, c. The same, pear-shaped. 7 a, b, c. The same, triangular. 8 a. Half- brilliant.
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also noticeable from the fact that the facets, instead of being in multiples of four, are in

multiples of three.

The forms just described may be regarded as typical brilliant forms, and are used far

more frequently than any other. They are nevertheless subject to certain modifications,

not, however, deviating far from the normal types. These modifications usually take the
form of variations in the arrangement and number of the facets ; in the latter case further

small facets are introduced in groups, which are placed symmetrically relative to the other

facets. The majority of the large historical diamonds are cut in the brilliant form, as an
examination of Plates X and XI. will show. On comparing these forms with the normal
forms of Plate II. a strong general resemblance, accompanied by differences in minor details,

will be noticed.

To bring out all the beauties of a stone, and to display them to the greatest-possible^

advantage, involves infinite care and precision in the cutting. The facets must be regularly

and symmetrically grouped, and corresponding facets must be of precisely the same size ;

moreover, it is of the greatest importance that all the different parts of the stone should be

correctly proportioned. In this connection may be mentioned the following rules which

are generally observed, and which are only departed from where there are special reasons for

so doing

:

The height of the upper portion of the brilliant above the girdle must be one-third,

and that of the lower portion must be two-thirds, of the total thickness of the stone from

table to culet. The diameters of the table and culet must be respectively five-ninths and

one-ninth of the diameter of the girdle ; hence the diameter of the table is five times that

of the culet. Few of the best cut and most beautiful brilliants show any essential deviation

from these dimensions ; the exceptional cases mentioned above occur when the rough stone

is of such a shape that to give it these proportions would involve too great a waste of

material ; or, again, in the case of a coloured stone, where the thickness is varied in order to

obtain the particular depth of colour desired.

The " Koh-i-noor," the famous diamond now in the English crown jewels (Plate X.,

Fig. 5), on account of the former reason departs considerably from the typical form. The
" Regent,

11

a large brilliant in the French crown jewels, is perhaps the most perfectly

beautiful stone of its kind existing at the present day (Plate XL, Fig. 8). It conforms

with the greatest precision to the proportions laid down above, and consequently far

surpasses the "Koh-i-noor
11

in brilliancy and play of colours, although the two stones are

equal in quality.

It remains to be mentioned that the girdle of a brilliant is sometimes left with sharp

edges (Plate X., Fig. 5), as is the custom of English gem-cutters ; or the edges may be ground

down (Plate XL, Figs. 8 and 9), as is done in Holland. The former plan improves the appear-

ance and effect of the stone, but the sharp edges are liable to get chipped, which is not the

case when they have been rounded off.

Mention may be made here of the half-brilliant (Plate IL, Fig. 8a), or brillonette,

which is very occasionally made use of. It is essentially an ordinary brilliant, the under

portion of which is replaced by a single large face, which forms a base to the upper portion

as in rosettes. This device is occasionally resorted to when the rough stone is very flat, but

the appearance of a stone so cut is far inferior to that of a complete brilliant.

The star-cut, which is closely related to the brilliant form, was devised by the Parisian

jeweller, Caire, at the beginning of the nineteenth century, and is illustrated in Plate III.,

Fig. 1 a, b, c. In this form Caire aimed at combining the advantages of the brilliant with

those of the rosette. As may be seen from the diagrams, the facets are arranged in
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multiples of six, and are distributed with great regularity, which serves to enhance the

appearance of the stone. This form of cutting was devised principally for diamonds, to

which it gives a very effective star-like or rayed appearance, very little inferior to that of the

ordinary brilliant. The cutting of this form from the majority of rough stones is attended

with but little loss of material ; the form is, however, not in general use.

2. Step-cut or trap-cut.—The different types of step-cut stones, together with the

various modifications of this form, are illustrated in Plate III., Figs. 2 to 8, Figs. 2 to 4

being typical forms. In one of these (Fig. 2 b) the girdle is square ; in another hexagonal

(Fig. 3 b) ; in a third it is eight-sided (Fig. 4 b, c) ; while it may be occasionally twelve-sided.

The outline of the girdle may be such that all its diameters are approximately equal, or it

may be more elongated in one direction. Above the girdle rises the upper portion of the

stone, bearing a large table of the same outline as the girdle (Figs. 2 6, 3 &, 4 b) ; the lower

portion terminates in a small culet (Figs. 2 a, 4 c), or in a point (Figs. 7 #, c). On both

portions lie a series of facets arranged in such a way that their edges of intersection are

parallel to the corresponding edges of the girdle. In passing from the girdle to the table

or to the culet, the facets become successively less and less steeply inclined (Fig. 2 a, Sue). The
upper portion has two, or sometimes three, series of facets, each series differing but slightly

in their inclination to the table. The facets of different series may be of the same width

(Figs. 2 b, 3 5), or the facets of the lower series are wider than those of the uppermost

bordering on the table (Fig. 4 b). On the lower portion of step-cut stones, there are

usually from four (Figs. 8 «, c) to five series (Figs. 2 a, 4 c, &c.) of fr.cets. None of the facets

of these lower series differ in width.

The step-cut is the form employed for less deeply-coloured stones when they are not

cut as brilliants. It brings out the colour and lustre of the stone to great advantage ; it

must, however, be specially proportioned, particularly in the lower portion, to suit the stone

to which it is applied. The brilliancy and colour of the stone do not attain their full value

with an insufficient number of facets ; there are scarcely ever less than four or five series of

facets on the lower portion of the stone, and in faintly-coloured stones this number may be

increased. In such faintly-coloured stones the lower portion is rather deep, as is shown in

the figures, while in stones of a deep colour it is flat, sometimes very flat.

While certain insignificant modifications of the lower portion of step-cut forms are

effective in varying the depth of colour of the stone, the upper portion may undergo more

marked modifications, a few of which are illustrated in Plate III., Figs. 5 to 8. Here we

find the step-like facets of the upper portion replaced by an arrangement of facets similar to

that of a brilliant. These forms are therefore, to a certain extent, combinations of the

step-cut and the brilliant-cut, and are in general specially suited to stones of a pale colour.

The mixed-cut (Fig. 5 a, b) is a form in frequent use ; it bears on the upper portion a series

of triangular star facets and of similarly shaped cross facets, separated by a series of four-

sided facets. The mixed-cut brings out in light-coloured stones a stronger brilliancy and

lustre than does the typical step-cut. The outline of the girdle in this form need not

necessarily be circular, as in Fig. 5, but may be square, hexagonal, &c.

Fig. 6 a, b, shows the cut with doublefacets, a form which differs from the mixed-cut in

that several single facets of the latter are replaced by two facets ; the arrangement of these

facets in two series can be easilv made out from the diagrams without further explanation.

The cut with double facets is no more effective than is the mixed-cut ; it is used simply for

the purpose of removing, or rendering inconspicuous, any faults which may exist in the rough

stone. In the cut with elongated brilliantfacets the arrangement of the facets on the upper

portion is much the same as in the previous form ; the facets, however, are much elongated
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la, b, c. Star-cut (of M. Caire). 2a, b. Step-cut, four-sided. 3b. Step-cut, six-sided. 4b, c. Step-cut,

eight-sided. 5 a, b. Mixed-cut. 6 a, b. Cut with double facets. 7 a, b, c. Cut with elongated

brilliant facets. 8 a, b, c. Maltese cross.
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or shortened (Fig. 7 a, b, c). The outline of the girdle may approach that of a square, as in

the figure, or it may be oblong. This form of cutting is peculiarly adapted to stones of an

elongated shape, and it brings out their lustre to a marked degree ; the elongated brilliant

facets seem to compensate "for any lack of depth in the lower portion of the stone. Another

similar form is that known as the Maltese cross (Fig. 8 a, 6, c), so called from the cruciform

arrangement of its facets. Other similar forms exist, differing but slightly from those

already described ; a detailed account of these is therefore unnecessary.

3. Table-cut.—This term includes a number of forms, all of which are more or

less related to, and may be derived from, a four-sided double pyramid or regular octahedron.

This octahedral form is the natural crystalline form of many diamonds, and it may
sometimes be seen in the stones of jewellery which dates back to the time when no cutting

of the rough stones was attempted, but the preparation of the stones for ornamental purposes

was confined to the polishing of the natural faces of the crystals. Such stones date back to

very ancient times, and are known as point-stones. The table-cut, and other forms related

to it, are derived from the octahedron by the greater or less truncation of two opposite

corners (Plate IV., Figs 11 to 16) ; a few additional facets may be given to the upper portion

of the stone (Figs. 11, 13, 14, 16).

The typical table-stone is derived from an octahedron by cutting two opposite

corners to an equal amount. The upper and lower portions of the stone are then

exact replicas the one of the other, and the table is of the same size and shape_as-4he

culet, the outline of which may be either square or oblong. Fig. 15 b shows a view from

above of a square table-stone, and Plate XIV., Fig. 2, shows an epidote cut as an

elongated table-stone. This form of cutting is not, as a rule, specially effective; it is,

however, advantageously used for several coloured stones, including the emerald. The

effect of additional facets on the upper portion is to increase the brilliancy and lustre

of the stone. With this object in view, the four edges of the table may be replaced

by narrow facets (Fig. 11 a, 6), or the four edges between the pyramidal facets may be

more or less truncated so that the table becomes eight-sided (Fig. 16 b). Again, the

upper portion may be of the brilliant form (Fig. 14 a, b), though the arrangement of the

facets in a typical brilliant need not be exactly reproduced.

The two opposite corners of the octahedron may be truncated to a greater or less

degree. In the former case the result will be quite a thin table, which is known as a

thin-stone. This can be modified by the addition of further facets in the manner described

for table-stones (Figs. 12 a, 13 b). A table-stone in which the culet is larger than the table

is described as half-grounded, while one in which the reverse relation holds is known as a

thick-stone. Such stones, in which the table is usually double the size

of the culet, are described as Indian-cut, and many precious stones

from the Orient, and especially from India, are of this form ;
they

are usually re-cut in Europe into a more effective form. The thick-

stone is, in a way, as already explained, the ground form of the

brilliant ; all the modifications described for table-stones may be applied

equally well to thick-stones.

4. Rosette or Rose -cut.—In this form of cutting the stone is FlG 30 Rogette

bounded on its underside by a single large and broad face, which forms (viewed from above).

a base to the whole. This form, which consists of an upper portion

only, the lower portion being entirely absent, is pyramidal in shape, the uppermost

facets meeting above to form a more or less sharp solid angle. A rose of the ordinary

tvpe, as seen from above, is shown in Fig. 30, and Plate IV., Fig. 1 b. The facets
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are in multiples of six, and are arranged in two groups : the upper group, of which

the facets are lettered a, constitute the crown or star, while the series lettered b and c

are known as the teeth {dentelle). The star facets, a, and the cross facets, b and c, are

both, as a rule, triangular in shape, as in Fig. 30, but in special cases the cross facets may
be four-sided (Plate IV., Fig. 5 a).

The appearance due to this arrangement of facets has been compared to that of

an opening rose-bud, hence the name applied to this form of cutting. It has been

in vogue since about the year 1520, principally for diamonds of small thickness, from

which comparatively small brilliants only could be obtained, and these with considerable

loss of material. This form of cutting for the diamond is second in importance only to

the brilliant, and a diamond cut in this manner is frequently referred to as a rose or

rosette. The rose-cut well displays the brilliancy of the stone, but is inferior to the

brilliant form in bringing out the play of prismatic colours. It is also applied to coloured

stones, for example pyrope or Bohemian garnet, but less frequently than to diamonds.

The number and arrangement of the facets of rosettes may be considerably varied.

Some of the modifications which result are distinguished by special names, and are

represented in Plate IV., Figs. 1 to 7. The description of Fig. 30 applies to the

typical Dutch rose, or crowned rose (Plate IV., Figs. 1 b, 3 a), with six star facets and

eighteen cross facets. The character which distinguishes this from other rose-cuts is

the height of the pyramid above the base. This height is, as a rule, half the diameter

of the whole stone. Further, the distance from the base to the crown should be

three-fifths of the total height, while the diameter of the base of the crown should be

three-quarters of that of the whole stone. This is the form of rose-cut ordinarily

employed; its base is usually round, but it is occasionally oval or pear-shaped (Fig. 2 b).

A mono; the other forms of roses which are much less used is the Brabant or

Antwerp rose. This differs from the Dutch rose in that the star facets form a much

lower pyramid, while the cross facets are somewhat more steeply inclined to the base

(Fig. 4 a) ; the number and arrangement of the facets is otherwise the same as in the

Dutch variety. Two modifications of the Brabant rose with its low crown are shown

in Figs. 5 a and 6 a. Of these the former has six triangular star facets and six four-sided

cross facets, while the latter has twelve cross facets in addition to the six star facets.

A form with a larger number of facets, the rose recoup6e, is shown in Fig. 7 a, b ; it has

twelve star facets and twenty-four triangular cross facets, the apices of the latter being

directed alternately upwards and downwards.

Closely related to the typical roses are a few forms, illustrated in Plate IV., Figs. 8

to 10. Fig. 8 a, b, shows the very rare form known as the cross-rosette, in which the facets are

arranged in multiples of eight. A cinnamon-stone, cut in this form more than a hundred

years ago, has been recently brought to light, and described by Professor Schrauf. Fig 9 a

shows a form which may be regarded as two roses joined base to base. This is the double

rosette ; also sometimes known as the briolette or the pendeloque ; the latter names are,

however, more frequently applied to stones with a pear-shaped outline, to be mentioned

presently. This form, which was formerly much used for ear-rings and watch-chain

pendants, was given by L. van Berquen, the originator of the modern process of diamond

cutting, to the first diamonds cut by him. These included, among others, the " Florentine
"

and " Sancy " diamonds, both of which are figured in Plate XI. (Figs. 10 and 11).

Next to be mentioned are the briolettes, brillolettes, or pendeloques (Fig. 10), which are

bounded by small facets on all sides, and are somewhat elongated in one direction, so that

they have a pear-shaped outline. They are often pierced in the direction of their greatest
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length so as to enable them to be used as ear-rings or to be strung on a thread with others.

The application of the terms briolette and pendeloque is extremely variable ; as mentioned
above, they are sometimes applied to the double rosette. Small stones bounded on all sides

by more or less regularly distributed facets, not elongated in any one direction more than
another, and bored so that they may be strung on a thread, are known as beads.

5. Rounded forms.—As a general rule, only transparent stones are faceted

;

chalcedony and other translucent stones are occasionally cut in this way ; opaque stones,

like turquoise, are never faceted, but always cut en cabochon. The rounded forms with
convex surfaces, characteristic of this style of cutting, are shown in Plate IV., Figs. 17 to 19.

Many deeply coloured transparent stones, such as garnet, are often cut en cabochon, as are

also those stones whose beauty is due to their peculiar optical effects ; such, for instance,

as catVeye and precious opal. The flat base of these rounded forms is circular or elliptical

in outline, and from this rises a more or less convex dome (Fig. 17 b). Transparent stones

of a deep colour, for example garnet, are sometimes hollowed out at the back, the inner

surface having the same curvature as the outer, as is shown by the dotted line in Fig. 17 b.

Not only is the transparency of the stone increased by this means, but facility is given for

removing any faulty portions of the interior of the stone. A stone cut in this manner is

known as a shell, and, in the case quoted, as a garnet-shell. Frequently the flat base just

described is replaced by another convex surface of the same or different curvature as the

upper portion ; the stone has then the form of a double convex lens, as shown in side view

in Fig. 19 b. The form with one curved surface is known as the single cabochon, while that

with two is referred to as a double cabochon ; a much flattened form having only a slight

curvature is described as tallow-topped {goutte de suif).

The convex dome of transparent or translucent stones cut en cabochon sometimes has a

border of small facets arranged in tme or several series (Fig. 18 b). Not infrequently, in the

cheaper coloured stones and in glass imitations, the table of the brilliant-, the step-, and the

table-cuts is given a slight curvature.

Bastardforms are those which are not pure examples of any of the typical forms

described above, but combine in themselves portions of any of these types. Rare and costly

gems are never so cut, but bastard forms are common enough in inferior stones and glass

imitations. Such stones are often cut also in quite irregular and unorthodox forms, which

are not subject to any definite rule, but depend solely upon the caprice of the cutter. Of

such forms it is obviously neither possible nor desirable to give detailed descriptions. The

facets of these capricious forms are sometimes regularly and sym metrically arranged, but at

other times this is not the case, and the stone is then described as cap-cut.

The form of cutting specially suited to each individual variety of precious stone will be

mentioned with the special description of that stone.

B. PROCESS OP CUTTING.

The method by which a rough stone is transformed into a faceted gem is in principle

very simple. That part of the surface of the rough stone at which it is desired to place a

facet is rubbed with a harder stone or with some other convenient substance. The harder

stone abrades small fragments from the softer, and the surface of the latter is gradually

worn away and replaced, if the operation has been suitably performed, by a plane face, the

so-called facet. This operation is repeated until all the facets required for the particular

form the stone is desired to take are produced. A rounded surface is obtained by a method

essentially the same as the one described.
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A notice of all the technical details connected with the cutting of precious stones would

be entirely out of place here. Only the main principles of the methods which are applicable

to all precious stones will here be considered. The special modifications of general methods

which are necessary for certain stones, particularly diamond, will be considered when we
come to the special description of such stones.

In the process of grinding", the harder stone or cutting material, by means of which

the rough stone is fashioned into a gem, is almost invariably used in the form of a fine

powder. This grinding powder is mixed to a paste with olive-oil (in the case of diamond

powder) or with water (in the case of emery, &c), and placed near the edge of a circular

disc or lap about a foot in diameter and an inch in thickness. This disc, which is usually

of metal, revolves with great velocity in a horizontal plane about a vertical axis. The
precious stone to be ground down is pressed against that part of the disc on which the

grinding powder lies. The pressure of the stone against the revolving disc causes the

powder to become embedded in the soft metal of the disc. This then acts as a file, the

hardness of which is equal to the hardness of the grinding powder. By the gradual

abrasion of the material of the stone over the area which is being ground the facet

develops, the length of time occupied depending on the hardness of the precious stone and

of the grinding material.

At short intervals during the progress of the work the gem-cutter must ascertain the

size to which the facet has grown, so as to avoid making it too large. A facet which

exceeds the other corresponding facets in size is said to be over-ground. Such an irregularity

in a stone greatly diminishes its value. Great care is also necessary to avoid the over-

heating of the stone during the operation of grinding. Neglect of this precaution results in

the development of small cracks, known as " icy flakes,'
11

in the interior of the stone, which

cause it to be dull and so diminish its beauty. Before beginning the actual work of

grinding, the particular form in which the stone is to be cut, and also its most favourable

orientation with respect to the boundaries of the rough stone, must be decided so that the

precise position and direction required for each facet may be given to it by the cutter.

One of the most obvious essentials in the grinding of a stone is a means whereby it may
be retained constantly in one position. For this purpose a special kind of holder, the so-

called dop (or dopp) is used. This consists of a small hemispherical cup of copper attached

bv the convex side to a stout copper rod. The cup is filled with an easily fusible alloy of tin

and lead, which is fused and allowed to cool ; immediately before solidification sets in, the

stone is placed in the cooling alloy in the position desired, and so that about one-half is

embedded in the alloy and the other half projects out of it. By this means the stone is

fixed in the holder in an unalterable position. In the case of stones of comparatively little

value the holder just described may be replaced by a stick of cement, or by a rod of metal

or wood, to which the stone may be fixed by a cement consisting of pitch, resin or shellac, and

the finest brick-dust.

The rod of the dop or the stick of cement is fixed in a clamp at one end of a small bar,

perpendicular to which at the other end are two short legs. This apparatus is placed so

that the two legs rest on a fixed table, while the precious stone in its holder rests upon the

grinding disc, which is parallel to and a little higher than the table. The stone is

pressed against the upper surface of the disc by loading the bar with leaden weights,

which are larger or smaller according to the hardness of the stone to be ground. To
avoid irregularly loading the grinding disc, two stones are ground at the same time, these

being placed at opposite ends of a diameter of the disc. In the case of a stone of little

value the rod to which it is fixed is simply held in the hand until the facet is ground down
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to the required size, but the result is naturally less perfect than when a mechanical clamp

is used.

When a facet is completed the dop is fixed in a new position in the clamp in such a

way as to ensure the second facet being correctly placed. By repeating this operation the

half of the stone not embedded in the alloy is faceted all over, the different positions of the

facets being attained by varying the inclination of the dop or holder in the clamp. Formerly

the position of the holder in the clamp necessary to produce any given inclination between

the facets was judged of by the eye ; this rough method was naturally not susceptible of

any great degree of accuracy, and, indeed, frequently gave results very far from what was

desired. More recently various appliances furnished with graduated arcs have made it

possible to turn the holder through any required angle, which thus ensures that the facets

are accurately located in the desired position.

When the projecting portion of the stone has been faceted as far as possible, the alloy

must be re-fused and the stone embedded in a new position, so that a fresh portion will be

exposed for grinding. This will usually require to be done several times before the stone

has received its full number of facets, when it is finally freed from the alloy or cement and

cleaned.

The completely faceted stone thus obtained is by no means ready for use as a gem.

Its facets are dull and rough, and when examined through a lens they will be seen to be

beset with scratches and pits marking the places from which the surface material has been

abraded by the cutting powder. To render the stone bright and shining, the roughnesses

and irregularities in the surface of the facets must be removed by polishing. This

process is not commenced until the whole of the grinding is completed.

The process of polishing is precisely the same in principle as that of grinding ;

the same machine and apparatus are employed, but the cutting material, now known as the

polishing material, is softer than before. It may be of about the same hardness as that of

the stone to be polished or it may be softer. The stone is placed in a holder, and its rough

facets brought to bear one by one upon the polishing disc supplied with the polishing

material, which have replaced the grinding disc and grinding powder used in the previous

operation. The abrasive effect of the polishing disc is much less marked ; it gradually

obliterates the small striations and pits, which are the cause of the dull appearance of the

stone, and the facets become brighter and brighter. Finally, a point is reached when their

brilliancy is not increased by continued polishing ; this marks the maximum polish of

which the particular stone is susceptible and any further efforts are superfluous. It is

important that the maximum degree of polish should be imparted to every stone, otherwise

its full beauty will not be apparent.

If the softer polishing powder is used for cutting instead of the grinding powder, the

facets will not require any final polishing, but will leave the disc in the most perfectly

polished condition. This is the case, as we shall see later, in the cutting of diamonds,

since no harder cutting material can be found than their own powder; the process of

cutting is, under these circumstances, extremely lengthy and proportionately expensive. It

is for this reason that stones other than diamond are cut with a grinding material of

greater hardness than that of their own substance. The process of cutting is much shortened

by this means and the roughness of the facets can be easily removed by a final polishing

with softer material.

As a preliminary to the grinding and polishing of a stone an operation known as

rounding is performed, with the object of obtaining a first rough approximation to the

form the stone is finally to assume. The worker holds the stick of cement or other holder
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in his hand and presses the stone on the grinding disc in the approximate position for each

facet. The rough form so obtained is then ground down more exactly as explained above.

With diamonds the preliminary shaping of the stone is performed by a process known as

binding. This consists in rubbing together two diamonds, each being cemented at the end

of a stick or holder, until the desired form is obtained. The operation is performed over

a trough, so that the particles detached shall not be lost.

In order to obtain the cabochon-cut or other rounded forms the dop or the stick of

cement is held in the hand and constantly turned so that the stone performs a rolling

motion on the surface of the rotating disc. The production of such rounded forms requires

a special skill. The harder and more quickly abrasive grinding powder will naturally be used

in these cases also and the stone afterwards finished with a suitable polishing material.

The material of which the grinding disc or lap is made is varied according to the

hardness of the stone to be cut, harder metals being used for the harder stones and vice

versa. The disc may be made of iron, steel, copper, brass, tin, lead or pewter ; wooden

discs also are sometimes used. The upper surface must be perfectly plane, but roughened

somewhat, at least near the margin where the grinding takes place. The disc is usually

driven by water- or steam-power ; it rotates at the rate of two or three thousand revolutions

per minute, and sometimes at an even greater rate. The harder the stone to be cut the

greater is the rate at which the disc is rotated, as the rapid motion greatly intensifies the

action of the grinding powder ; so much is this the case that powder of the same substance

as the stone to be cut can be employed for grinding, provided the velocity of the disc is

sufficiently high.

For the grinding of softer stones, especially varieties of quartz, a grindstone or disc of

sandstone is employed without grinding material other than the substance of the sandstone

itself. Other details of this process will be given later when we deal with the cutting of

agates.

The material of the polishing disc or lap may be the same as that of the grinding

disc used for the same stone, but as a rule a softer material is employed. Polishing discs

are frequently made of wood covered with leather, cloth, felt or paper.

The most important grinding or abrading material is corundum, the hardest of

all minerals except diamond. The pure and transparent varieties of this constitute the

ruby, sapphire, and other costly .precious stones, but it occurs also in nature in an opaque

form in large masses ; and the finely granular, black variety known as emery is specially

abundant. This mineral owes its black colour to the inter-mixture of softer minerals which,

however, do not seriously affect its hardness. Emery occurs in large masses, especially in

Asia Minor and in the Island of Naxos in the Grecian Archipelago ; also at Chester in the

State of Massachusetts, U.S.A., and at other places. Commercial emery is largely obtained

from Naxos and from Asia Minor, and, in accordance with the various uses to which it is put,

is ground to various degrees of fineness. Crystallised common corundum is used for similar

purposes ; it occurs in a few localities in large masses of comparative purity, and not being

mixed with softer minerals possesses a hardness greater than that of emery. Other hard

minerals, such as topaz and garnet and sometimes even quartz, are occasionally employed as

grinding materials.

In recent years an artificial grinding material, called carborundum, has been largely used

as an abrasive agent, especially in the United States. It was first prepared in large

quantities by the firm of Acheson of Pittsburg in Pennsylvania ; the method employed

being simply the fusing together of quartz-sand and coal at the enormously high temperature

of the electric furnace. The substance obtained is a compound of carbon and silicon
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having the chemical formula SiC, and consisting of 30 per cent, of carbon and 70 per cent,

of silicon. It frequently crystallises in very distinct hexagonal plates, which are translucent,

greenish-yellow in colour and very brilliant. It is considerably softer than diamond, but
scratches corundum with ease ; its great brittleness renders it easily reduced to powder in

spite of its great hardness. Carborundum can be obtained cheaply and with little difficulty

in crystalline blocks weighing a hundredweight, and it will doubtless gradually replace

emery for abrasive purposes.

Finally, the hardest and most important grinding material is diamond. Diamond often

occurs so impure as to be useless as a gem ; this impure material is the so-called bort, which

when finely powdered becomes an important abrasive agent. The black, opaque, finely

granular variety of diamond known as carbonado, when finely powdered also furnishes a

useful grinding material. In spite of the fact that even these varieties of diamond are of

very high price, their use in grinding precious stones greatly cheapens the process, for,

on account of their enormous hardness, a considerable saving in time and labour is effected.

Since the discovery of the South African diamond fields, the price of diamond dust has been

considerably lowered, and it is frequently advantageous at the present time to use this

material, instead of emery-powder, in the cutting of many precious stones ; the economy

effected in time and labour more than compensating for the higher price of the grinding

material. In cutting the diamond no choice of grinding material is at present possible, since

diamond-powder is the only substance hard enough for the purpose.

The polishing material is varied according to the nature of the precious stone to

be operated upon. In the form of the very finest powder, such diverse substances as

tripolite, rotten-stone, jeweller's rouge, pumice-stone, putty-powder (tin oxide), and some-

times a variety of clay known as bole, are all employed for this purpose. The polishing

material, like the grinding material, is made into a paste before being applied to the lap or

polishing disc ; water is generally used for this purpose, but with tripolite sulphuric acid is

sometimes employed.

It has already been mentioned that different precious stones are worked with different

grinding powders and on laps of different material, these two conditions being varied to suit

the particular characteristics of the stone, that of hardness receiving special attention. The

choice of material for the lap and of grinding and polishing powder lies between certain

somewhat arbitrary limits, thus the same method for one and the same kind of precious

stone is not always exactly followed. All precious stones may be conveniently grouped in

a few classes according to their hardness ; those of each group may be worked in the same

manner and with the same materials. The following grouping shows such an arrangement.

a. Very hard stones. Ruby, sapphire, and other varieties of corundum.

Ground on an iron, brass or copper lap with diamond-powder. Emery works only very

slowly.

Polished on a copper disc with tripolite.

b< Hard stones. Spinel, chrysoberyl, topaz.

Ground on a brass or copper disc with emery. (With topaz a tin or lead disc even may

be used.)

Polished on copper with putty-powder or tripolite.

c. Stones of medium hardness. Emerald, beryl, aquamarine, zircon, tourmaline,

garnet, rock-crystal, amethyst, agate, jasper, chalcedony, carnelian, Chrysoprase, &c.

Ground on copper or tin or lead with emery.

Polished usually on tin with tripolite or on zinc with putty-powder, sometimes also

on wood.
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Garnets of fairly considerable size for use as larger ornaments are ground with emery

or garnet-powder on a leaden disc and polished on a tin disc with tripolite and sulphuric-

acid. Smaller garnets, on the contrary, which are strung as beads after being pierced with a

fine diamond point, are ground on a disc of fine sandstone with emery and olive-oil, and

polished on a wooden disc with tripolite and water or on a tin disc with tripolite and

sulphuric acid. Rock-crystal and amethyst are ground on a copper or lead disc with emery,

and polished on a tin disc or on a wooden disc covered with felt, with putty-powder,

tripolite or bole. For grinding agate, jasper, chalcedony, carnelian, and Chrysoprase a disc

of copper, tin or lead is often used with garnet or topaz-powder instead of emery ; while

for polishing, pumice-stone, jeweller's rouge or putty-powder on a tin disc, or pumice-stone

on a wooden disc is employed. Agate and other varieties of quartz are, however, often

worked in another manner, which will be considered under the special description of agate.

d. Soft stones. Obsidian, chrysolite, opal, adularia, turquoise, lapis-lazuli.

Ground with emery on a disc of lead or tin.

Polished with tripolite ou tin or hard wood, or sometimes with pumice-stone on wood.

e. Glass imitations. These are usually ground and polished on wooden discs ;

emery being used as the grinding material, and tripolite as the polishing material.

Not infrequently, before the process of grinding a precious stone can proceed, a

preliminary preparation of the stone is required. Many precious stones, especially the most

valuable, such as diamond and ruby, occur in nature in relatively small but perfectly pure

fragments. In such cases no preliminary preparation is needed, and the stone can be at

once cut into any desired form. It is otherwise, however, with many precious stones, such,

for example, as aquamarine ; the naturally occurring crystals and fragments of such stones

may be too large for a single cut stone, or may include material which is cloudy or faulty

and unfit for cutting. In such cases the specimen must be divided into several pieces of

convenient size, and the faulty and undesirable portions removed by a process less lengthy

and costly than that of simply grinding them away.

This operation is performed with the aid of a thin metal disc, usually of soft iron, the

edge of which is charged with some hard cutting powder, preferably diamond. This cutting

or slitting disc usually rotates in a vertical plane on a horizontal axis ; by pressing the stone

against the cutting edge of the rapidly rotating disc it will be slowly cut through by the

small splinters of diamond which are embedded in the metal. The division of the stone can

also be effected by means of a wire smeared with cutting powder, stretched in a bow and

used as a saw. This method is, however, very slow, and is now rarely practised.

The superfluous or undesirable material of cheap stones, which occur in large masses, is

not cut away, but simply broken off by the blow of a hammer ; a mode of procedure which

cannot be recommended for valuable stones, unless, as in diamond and topaz, they possess

certain known directions of easy cleavage. Stones which can be cleaved with such facility

may, as we have already seen, be readily reduced in certain directions with a chisel and

hammer with no fear of losing valuable material, so that by this means the work of cutting

and grinding is considerably lessened. This subject will be again considered, especially

with reference to the diamond, under the special description of each stone. The fragments

of valuable material thus broken or cut away are carefully collected and preserved ; they

may be utilised for the fashioning of smaller gems, or, if of sufficient hardness, pulverised

and used as a cutting and grinding material.

As the treatment of precious stones must be varied to suit the different nature of each

stone, each requiring different contrivances and methods, so different branches of the gem-

cutting industry can be identified, each establishment dealing, as a rule, with but one kind
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of stone, to the exclusion of others. In diamond-cutting works diamonds only are cut,

while the work of other establishments is limited to the treatment of other precious and semi-

precious stones to the exclusion of diamonds; such establishments are known as precious-stone

or fine-stone-cutting works. Another branch of the industry is concerned exclusively with

the large ornamental stones with plane surfaces, or only a small number of facets, such as

are suitable for use as stones for signet-rings, crosses, and so forth : here the less valuable

stones only are used, such as agate, chalcedony, jasper, &c. In addition to the objects just

mentioned, articles such as letter-weights, cups, vases, boxes, etuis, inkstands, stick and

umbrella knobs and handles, knife-handles, &c, are fashioned at these large-stone-cutting

works, and such materials as granite, marble, serpentine, &c, which do not fall under the

head of precious stones, are made use of in the industry beside the minerals mentioned

above. The work carried on respectively at the large- and the small-stone-cutting establish-

ments is now to a large extent regarded as different branches of the same trade, and is often

directed by the same firm, but the diamond-cutting industry is a distinct and specialised

calling, which is never combined with other branches of the trade.

C. BORING.

Not infrequently precious stones, such as garnets, are strung together and worn as

beads, which necessitates that they shall be pierced. In the cases in which precious stones

have a technical application, such, for instance, as the making of pivot-supports for watches,

and the orifices through which very fine gold and silver wires are drawn, it is often necessary

to bore a hole through the centre of the stone. The boring is usually effected by the rapid

rotation of a fine diamond point, fixed in a metal holder, which acts like a drill. The

diamond point of the drill is often, replaced by a steel point charged with diamond powder

moistened with oil. For convenience in conducting this operation, special machines are

constructed by means of which hard stones are bored with ease and rapidity.

D. WORKING ON THE LATHE.

Many stones, especially the softer ones, occurring in large masses, furnish material for the

manufacture of balls and other rounded objects. Such articles may be turned on the lathe ;

this machine is more appropriate for the class of work carried on in the large-stone-cutting

works, and is seldom used in the working of precious stones. Nevertheless the hardest

stones used for gems may be worked in this way, the steel turning-tool being replaced by a

diamond point ; as, however, the turning of precious stones is but rarely undertaken, it

need not be further considered here.

E. ENGRAVING.

Precious stones are not only cut in various forms, but they are also engraved with

devices such as figures, crests, monograms, or with inscriptions. In the cutting of a stone,

the lapidary strives to give it such a form as will best display its natural beauty; this

beauty depends essentially on the characters of the stone, not on the form given it by the

lapidary ; this form being simply a means to an end, namely to develop to the uttermost

the natural beauties of the stone. The engraver, on the other hand, aims at producing a

work of art of value in itself; the material upon which the artist works is a secondary con-

sideration, for he will probably be able to produce just as fine an engraving on sonAe other

stone of an entirely different character.

The art of engraving and cutting precious stones is very ancient, much older indeed
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than that of faceting. It is mentioned by writers of the earliest historical times, and
specimens of this art dating back to very early times are preserved in our museums. The
art of engraving precious stones is still practised, especially in Italy, but the popularity, at

the present day, of engraved gems is not comparable with that of faceted stones. The
cutting of precious stones with a view to the production of an engraving is known as the

glyptic art, and is thus distinguished from the grinding of facets upon the stone, which can

scarcely rank as an art.

Engraved precious stones are generally known as gems. The device engraved upon a

gem is either sunk in the stone so as to lie below its surface, in which case the gem is known

as an intaglio ; or the device is in relief so as to lie above the surface of the stone, a gem so

engraved being known as a cameo. Intaglios are frequently used for seals or signets to

produce a raised cameo-like impression ; for this purpose they are commonly engraved with

a crest or monogram. Cameos, on the other hand, have no application of this kind, but are

used merely as ornaments. The art of engraving intaglios is known as sculpture^ while that

of producing cameos is known as tornature. Of the two arts, the former is the more

ancient, but the antiquity of the latter is well established by the number of cameos, in the

shape of a beetle—the so-called scarabs—found in Egyptian tombs.

All kinds of stones, whether hard or soft, opaque or transparent, have been and are

employed in the production of intaglios. The harder the stone the sharper and clearer

will be the engraved figure, and the more irksome and lengthy the process of engraving.

The engraving of the diamond, in spite of its hardness and the consequent difficulty in

working, is occasionally effected ; ruby and sapphire have also been sometimes worked in

this manner ; the harder precious stones are, however, much less frequently engraved than

those which are softer and offer less resistance to the process. Specimens of this art, dating

from the earliest times, are still in existence ; these comprise engravings executed on emerald,

aquamarine, topaz, chrysolite, turquoise, rock-crystal, amethyst, plasma, chalcedony,

carnelian, agate, heliotrope, opal, lapis-lazuli, nephrite, obsidian, magnetite, and many other

stones. At the present day the materials most frequently used are quartz and chalcedony,

together with such varieties of these as agate, onyx, &c, also haematite and a few others.

The material of the intaglio shown in Plate XX., Fig. 6, is carnelian , another example of

intaglio is shown in Fig. 92.

Transparent stones cut as cameos are very rarely seen ; opaque stones of fine colour

are usually chosen for the purpose, those constituted of differently coloured bands, as in

onyx and sardonyx, being speciallv suitable. Different portions of the device of a cameo
cut in such stones may lie at different levels ; thus, supposing for example that the device

is a human figure, a white layer may be worked to form the face and hands of the figure

and a black layer for the hair and garments. In the cameo shown in Plate XX., Fig. 7, the

white figure and the red background are at different levels in the red and white-banded

stone; other specimens of this kind of work are represented in Figs. 93 and 94. Opaque
stones of one colour throughout, such as turquoise and malachite, are also used in the cutting

of cameos ; the material of the Egvptian scarabs is very frequently not a precious stone at

all, but serpentine or some similar stone. In Italy, where the industry of cameo-cutting

especially flourishes, the shells of certain marine molluscs are employed instead of the stones

mentioned above ; in these shells, as in many agates, red and white layers occur in regular

alternation. The majority of cameos sold, for example, in Naples, are made of such material

;

they may be readily distinguished, however, from a genuine cameo, cut from onyx, &c, by the

fact that a shell-cameo is soft enough to be scratched with a knife, and will effervesce when
touched with a drop of acid.
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The tool used in cutting or engraving is a very small iron wheel fixed at the end of a

rotating axis in a lathe. The small wheel, which may be conical, hemispherical, or disc-

shaped, and often not more than a twelfth of an inch in diameter, is charged with moistened

diamond-powder. The stone to be engraved, after being cut to the required form and

polished, is placed in a holder and its surface pressed against the rotating wheel. The out-

line of the device to be engraved is obtained by moving the stone about while the cutting is

taking place, more or less prolonged working gives a deeper or shallower engraving. The
final polish must, as a rule, be given after the cutting process is completed ; this and the

last touches to the engraving are given by hand with a graving tool furnished with a

diamond point.

Etching.—An alternative to the difficult, lengthy, and costly process of engraving is

furnished by the simpler, quicker, and cheaper process of etching. The process is, however,

only applicable to certain stones, and the figures produced are less clear and beautiful than

those created by the engraver. The method requires that the stone used shall be susceptible

to the action of some acid ; hence none of the more valuable precious stones are available as

material, since they are unacted upon by acids. Those stones, however, which consist wholly

of silica, namely rock-crystal, chalcedony, agate, &c, are acted upon by hydrofluoric acid as

easily as is glass, and by its means devices may be etched upon them. The polished

surface of the stone to be etched is covered with a thin coating of wax, upon which the

outline of the device is drawn with some sharp instrument ; the surface of the stone along

this outline is therefore laid bare while other parts are protected by the wax. The stone is

then placed in liquid or gaseous hydrofluoric acid, which eats away the surface of the stone

where it is not protected by a layer of wax. There soon appears a hollowing out of the

material along the outlines of the device, and this will be deeper the longer the acid is

allowed to act. After removing the wax and cleaning the stone the device (monogram,

crest, &c.) sketched upon the wax will appear as if cut in the stone.

F. COLOURING AND BURNING.

The methods adopted for altering or improving the natural colours of stones may con-

veniently be considered here. Such a change of colour, which has already been stated to be

possible under the general discussion of colour, is effected in various ways. We shall not

now discuss the change of colour produced in a stone already set and mounted by a surface

coating of colouring-matter, but only those methods by which a change in the colour of the

whole mass of the stone is effected.

Those precious stones which have a porous structure can be artificially coloured through

their whole mass with great ease. The stone to be coloured is allowed to lie in the liquid in

which the colouring-matter is dissolved ; its porous structure causes it to become after a

time saturated with the liquid, which penetrates to the innermost parts of its mass. The

stone is then taken out and allowed to dry, during which process the solvent evaporates

and the colouring-matter in solution is left behind, lodged in the interstices of the stone, and

imparts its colour to the stone. This method is not infrequently practised, and many agates

are remarkable for the ease with which they can be coloured by its use. In other cases the

use of two liquids is necessary to produce an artificial colour, the rationale of the method

being that by the interaction of the two liquids a chemical precipitate is formed, which is

deposited in the pores of the stone, and imparts to it the desired colour. In this method

the stone is first placed in one liquid, in which it is allowed to remain until completely

saturated : it is then taken out and dried and placed in the second liquid, when precipitation

takes place. The coloured precipitate so produced is regularly distributed in the interior of
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the stone, so far as the stone is uniformly porous and capable of absorbing liquids. This

process of colouring will be described in greater detail under the description of agate. The

exact methods of producing the artificial colours, which are black, yellow, blue, green, and

brown, are in many cases preserved as a trade secret.

The writings of Pliny show that these arts were known even in ancient times, and the

methods then employed for colouring agates are apparently identical with those now

practised. At that time, however, a process was known by which certain colours, such for

instance as the fine green of the emerald, could be imparted to rock-crystal, a process which

is unknown at the present day. Rock-crystal, not being porous, cannot be coloured artificially

by the methods described above ; the only process known at the present day is to plunge the

stone when strongly heated into a cold, coloured liquid ; the abrupt change in temperature

causes the stone to become penetrated by numerous cracks, into which the coloured

liquid enters, and on evaporation deposits its colouring-matter. Rock-crystal so coloured

is not, however, very suitable for cutting on account of the cracks developed in it by its

sudden cooling ; the method therefore is of no practical significance as compared with the

colouring of agates, which is of great commercial importance.

Some precious stones when subjected to the action of heat become either completely

decolourised or changed in colour, the original colouring-matter being in the one case

destroyed and in the other altered. This process, which is known as burning, is often

employed for increasing the natural colour of many stones, for rendering it more permanent,

for completely changing the colour, or for removing unsightly patches. The heating and
cooling must be very slow and regular and all sudden changes of temperature avoided

;

otherwise the stone may develop cracks, or the change in the original colour may not take

place uniformly throughout the whole mass of the stone. For the purpose of attaining

a uniform rate of heating and cooling the stone is embedded in some powdered material in a
crucible

; the material made use of being coal-dust, fine sand, iron-filings, clay, quick-

lime or wood-ashes, &c. In some cases only a comparatively slight heating is necessary,

but often the temperature must be raised to a red-heat in order to destroy or change the

colour.

The pigment to which the colour of a stone is due is in many cases unstable at high

temperatures, becoming changed into some other body, which is either colourless or

coloured differently from the original substance. Thus the change or destruction of the

colour of a precious stone can only be effected by burning when the pigment to which its

colour is due is altered on exposure to heat.

The yellow Brazilian topaz becomes rose-red when heated, and is then known as " burnt

topaz." Amethyst when exposed for a short time to a gentle red-heat in a mixture of sand

and iron-filings loses any darkly coloured patches it may have had ; after strong and pro-

longed heating to redness the violet colour is changed to brownish-yellow, the stone being

then known as "burnt amethyst." Many of the naturally occurring brown carnelians

become, when heated, a bright red ; in this case the original brown colouring-matter

is a hydrated oxide of iron, which is changed into the bright red anhydrous oxide by
the action of heat. Burning causes yellowish-red hyacinth to become colourless, and
at the same time appreciably increases the lustre of the stone. The blue sapphire also

completely loses its colour on heating. Other similar cases might be cited ; they will be

mentioned, since the change of colour effected by burning is of some technical importance,

each in its proper place with the special description of each kind of precious stone.

The majority of precious stones, however, undergo no alteration in colour even at the

highest temperatures.
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G. MOUNTING- AND SETTING.

The majority of precious stones are destined, after being cut, to be devoted to purposes

of jewellery. The less valuable stones are occasionally bored with holes and strung together

as beads for personal ornaments, such as necklaces and bracelets. It rarely happens that

the whole of a personal ornament, such for instance as a finger-ring, is cut wholly in stone ;

this may be done, for example, with nephrite, a stone which occurs in sufficiently large masses

and is possessed of the necessary toughness and firmness for the purpose. Much more

frequently the stone is firmly and permanently fixed in a piece of metal of suitable shape

and of more or less artistic workmanship ; this is known to jewellers as the setting of the

stone.

The setting of precious stones and the manner in which different kinds of stones are

associated affords scope for the exercise of much taste and judgment; these matters are

naturally, however, regulated to a large extent by the fashion current at the moment. A
single stone is sometimes set by itself in an article of jewellery ; when this is the case the

stone should be of large size and as perfect a specimen of its kind as possible. Usually,

however, the effect of such a stone would be enhanced by a border of small stones of another

kind ; thus a large and fine opal is often surrounded by a border of small diamonds, the

opacity and opalescent lustre of the one forming a pleasing contrast with the transparency

and adamantine lustre of the other. This kind of setting is known as carmoizing. Both

for decorative work and for personal ornament different kinds of stones are associated in

elegant groups, representing butterflies, flowers, and other objects; here again practice,

discrimination and taste are required in order to produce effects of contrast worthy of

the beauty of the individual stones.

Gold and silver are the only metals used as the material for the setting of valuable

stones. In cheap jewellery some substitute for these metals, such, for example, as gilded

brass, is employed. The beauty of some stones is best displayed in a setting of silver, as is

the case with diamond ; while gold is a more effective background for rubies and other

stones. The girdle, when present, is the portion of a cut stone which is held by the

metal setting ; when there is no girdle, as in rosettes, the stone is fixed by the lower

margin ; other forms of cut stones are fixed in a variety of ways.

In the kind of setting described as an open (ä jour) setting, the metal is in contact with

the stone at a few points only along the margin, so that the stone is exposed to view on all

sides, it being possible to view an object through it. In another method of setting, the

stone is fitted into a metal receptacle of the same size and shape as itself, so that it can be

seen only from the front ; the back and margin of the stone being concealed by the metal.

With this kind of setting, which is described as a closed setting, it is impossible to look

through the stone, but sometimes the bottom of the metal receptacle is hinged so that it

may be opened and closed, and the back of the stone exposed to view, if desired.

In the open setting (ä jour) the stone is surrounded by a ring of metal from

which several small metal pins or claws project. These are slightly cleft at their extremities,

so that each somewhat resembles a pair of small pincers, which grasp the stone at the

girdle or margin and hold it, as it were, suspended. This kind of setting is specially

adapted to transparent, colourless stones and to coloured stones of flawless quality whose

natural perfections require no improvement.

The mounter of gems must be guided in the choice of a setting for a given stone by

the form in which it is cut. For stones such as brilliants with an upper and a lower portion,

the open setting is employed, the broad table of the stone being, of course, placed towards
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the observer. Faulty stones are sometimes set with the table towards the back, as in the

so-called Indian setting. Stones, on the contrary, which have no under portion are rarely,

and rosettes never, mounted in an open setting ; they are much more effective in a closed

setting. A stone is held very firmly and permanently in a closed setting, and this is

especially the case when cement is used to fix it to the metal, as is very frequently done.

In an open setting, on the contrary, there is much more likelihood of the stone becoming»

loosened from the claws which hold it, and therefore of its ultimate loss.

Flawless stones of a good colour, which are destined to be mounted in a closed setting,

need only to be simply inserted in the receptacle described above. But those in which the

colour, lusl.re, or other quality leave something to be desired can be improved by certain

artifices in mounting and their faults more or less concealed.

The artifice which has been longest practised is designed to conceal any dark patches

the stone may have, and is known as " mounting on moor.
11 A black pigment made by mixing

burnt ivory and mastic is applied to those parts of the closed setting over which the lighter

portions of the stone will rest. The stone, when set, will then appear to be uniformly

coloured, the patchiness being effectively concealed.

An artifice more frequently used is designed to improve the lustre and colour of the

stone to which it is applied. Thin plates of gold, silver, copper, tin, &c, which are known

asfoils, are laid under the stone ; they may be of their own natural colour or they may be

artificially coloured in some suitable manner ; in any case they show their own strong lustre.

Instead of metallic foils, pieces of silk with a coloured sheen or cuttings of peacock's

feathers and similar substances are sometimes used. An uncoloured, natural foil shows its

lustre and body-colour through the stone beneath which it is placed, and causes it to appear

more brilliant and of a finer colour than would otherwise be the case. A golden foil will

give a deeper yellow tint to a pale coloured stone, while a dull stone may be made to appear

brighter by placing beneath it a bright and shining foil. A peculiar variation of this use

of the foil exists in the Orient in the mounting of rubies, the back of the stone being

hollowed out and filled in with gold, a device which considerably heightens the effect of the

stone as regards brilliancy and colour.

In the employment of foils, it is desirable that the stone and the foil should be of

corresponding colours. As the natural colours of the metals employed are often unsuitable

the foils are sometimes artificially coloured blue, red, yellow or green, these colours being

always placed on a white metal. Carmine, saffron, litmus, &c, are some of the pigments

used for this purpose, intermediate tints being obtained by mixtures; the pigment is

dissolved with isinglass in water and so applied to the metal.

Instead of using a foil, the pigment may be applied to the inside of the case in which

the stone is set, or even to the back of the stone itself. It is actually possible by the

judicious application of colour at the back of a colourless stone to give the effect of a

coloured stone, or even by applying a coating of various tints, to produce the effect of a

play of colours. This latter device is now often applied to rock-crystal or colourless glass

with the purpose of imitating the play of prismatic colours characteristic of the diamond.

Stones so treated, which have sometimes quite a pretty effect, are often used under the

name of " iris " for cheap jewellery, pin-heads, &c. It is especially in the Orient, however,

that the artifices under consideration have been developed to great perfection, Eastern

jewellers being possessed of marvellous dexterity, which they often make use of for the

deception of buyers of gems.

Bv associating several stones of the same kind and of an exactly identical shade

of colour in one piece of jewellery a very fine effect is produced; there is however often
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considerable difficulty in obtaining naturally coloured stones of exactly the same shade of
colour. This difficulty may be overcome by coating the back of a dark stone with a light

pigment or a pale stone with a darker pigment, and thus securing a uniform depth of
colour.

A very effective artifice is that of placing beneath a stone a second of the same form
of cutting. Large rosettes are frequently treated in this way, a smaller stone and a foil

being placed under the rosette in the closed metal case in which it is set ; by this device the
brilliancy and lustre of the rosette are wonderfully increased. Similar manipulations will

be further considered when we come to treat of the imitation of precious stones.

The use of these and similar artifices for increasing the beauty of a stone is naturally

attended with less difficulty when the stone is mounted in a closed setting and one side of it

entirely hidden from view, than when an open setting is used. Even in the latter case,

however, such artifices may be made use of to a certain extent ; thus, a thin strip of foil, or

a coating of pigment is applied to the inner side of the setting just below the girdle of the

stone : this often has the effect of increasing the brilliancy and colour of the stone. A ruby

of too pale a tint mounted in an open setting may be treated in this way, the inner rim of

the setting being coated with carmine-red enamel, which gives the stone a very beautiful

depth of colour. Other precious stones are treated in corresponding ways.

H. FAULTS IN PRECIOUS STONES.

The beauty and value of a precious stone naturally depend on the absence of all

disfiguring faults within its substance or upon its surface. Thus a perfect specimen of a

gem must be free from cracks and fissures in its interior and its lustre and polish must be

uniform and uninterrupted over the whole surface. A transparent stone should be perfectly

clear, with no cloudy patches, and free from all enclosures, especially of small, opaque,

foreign substances. Colourless stones ought to be quite free from any faintly coloured

patches ; while the colour of coloured stones must be uniform and regularly distributed,

so that the stone shows no light or dark patches, or differently coloured portions of its

substance. Exception to the latter rule is, of course, made in such a stone as agate, the effect

of which depends on a difference of colour in different portions of its substance. Each

imperfection of the kinds just noted, each crack, each dark or cloudy or differently coloured

patch, is a fault in the stone, and as such detracts from its beauty. It is in transparent

stones that faults are especially noticeable, and in a cut form they are reflected again and

again from the facets and thus rendered still more obvious.

Small insignificant faults, when they are few in number, do not render a stone entirely

unsuitable for decorative purposes, but they do diminish its value, and that sometimes very

considerably. When, however, the appearance of a stone is so disfigured by the presence of

numerous glaring faults that its use for ornamental purposes is out of the question, it

becomes absolutely worthless, unless indeed its hardness enables it to serve some useful

technical purpose.

The more obvious faults of precious stones, such for example as the presence of light,

or dark, or differently coloured patches, are easily detected ; they are indeed often apparent

at the first glance. Frequently, however, the detection of faults requires a practised eye,

since a clever gem -cutter will so arrange the facets of a stone that any faults it may have

become quite inconspicuous and almost unnoticeable to an unskilled observer. When
considering the subject of the refraction of light it was mentioned that the faults of trans-

parent stones may be made more conspicuous by immersing the stone in a strongly refracting

liquid, such as methylene iodide or monobromonaphthalene. This device is due to Sir
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David Brewster, who for the same purpose made use of Canada-balsam, oil of anise or

sassafras-oil.

It is not difficult, by one or other of the artifices already described, to conceal or make

inconspicuous the various faults to which precious stones are liable. On this account,

therefore, it is a rule to be observed that valuable stones of high price should never be

purchased in a setting, but in a loose and unmounted condition, which admits of a thorough

and complete examination of the stone being made. Such an examination should be made

before the purchase not only of cut-stones, but also of uncut, rough stones. Small faults in

the latter are often very difficult to detect, since the roughness of the surface interferes more

or less considerably with the transparency of the stone. In such cases it is advisable to

place the stone in a highly refractive liquid, which will have the apparent effect of lessening

the roughness of the surface and increasing the transparency of the stone. Even when

placed in water such stones will appear more transparent than in air. In examining a rough

stone it is important to determine whether any fault it may have lies quite in the interior

of the stone or near the surface. In the latter case it may often be removed in the process of

cutting, and a somewhat imperfect rough stone may be transformed into a gem of flawless

beauty.

The nature of the faults which are of the most frequent occurrence in precious stones

may be gathered from what has already been said. Those of the nature of coloured patches,

enclosures of large foreign bodies and such like, need no farther description ; other faults,

however, which occur again and again with the same characteristic appearance are

distinguished by jewellers with special names and receive special mention below.

1. Sand.—Small grains of any foreign substance, of a white, brown or reddish colour

scattered singly through the material of the stone are known as sand.

2. Dust.—This is the name by which extremely small particles of foreign matter

scattered in great numbers through the substance of a stone are known.

3. Clouds.—By this term is meant muddy or cloudy patches of various colours

—

white, grey, brown, reddish, greenish, &c.—which may occur in the substance of a stone and

which when brought to the surface in the process of cutting, give it a dull appearance which

no amount of polishing will remove. They are most frequent in diamonds and pale

rubies.

The three kinds of faults just described are all due to the inclusion of small mineral

grains as impurities in the substance of the precious stone. If not too small, they may
sometimes be seen with the naked eye or with a good lens, but more frequently the powerful

magnification of a microscope is required. Their presence is best demonstrated, however,

when the stone is examined in polarised light ; in the dark field of the polariscope such

inclusions will sometimes appear bright and vividly coloured.

4. Silk.—This term signifies the whitish, shimmering streaks, disposed in certain

directions, which sometimes mar the appearance of a stone. Such streaks are in reality

strings of microscopically small cavities in the substance of the stone, which may be quite

empty or may, on the other hand, contain a liquid. Such cavities are not at all uncommon

in precious stones ; they are sometimes of quite appreciable size, as in topaz, sapphire, &c.,

when they may be seen with the naked eye or with a lens. The cavities, to which the fault

known as "silk" is due, are however definitely arranged in bands and strings, and only

become visible as single objects under strong magnification. By scattering at their surfaces

the light which should pass directly through the stone, these minute cavities produce the

dull, whitish shimmer. They have the same effect as " clouds " in that, when they occur on

the surface of a stone, a perfect polish over that area is impossible.
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5. Feathers.—Under this name are included cracks and fissures which may be present

in all kinds of precious stones, and which exert a disturbing action on the path of the rays

of light passing through the stone. They may be of large or of almost microscopic size,

and may occur singly or aggregated together in large numbers. They are especially common
in stones which possess a very perfect cleavage, such as diamond and topaz ; they then have

the direction, regularity and flatness peculiar to cleavage cracks. Faults of this nature are,

however, also present in stones which possess no marked cleavage, such as quartz and garnet,

but here they are irregularly curved and bent. In such cracks, brilliant, iridescent colours

are often to be seen, and when this is the case the cracks are more noticeable. The

existence of feathers, which do not exhibit such interference colours, is very difficult to

detect, even with a lens ; they may be best demonstrated by placing the stone in methylene

iodide.

Feathers are more to be feared than any other kind of fault, since there is always a

tendency for these small cracks to extend, thus adding to the disfigurement of the stone,

and perhaps in the end causing its complete fracture. This is especially likely to happen

during the grinding, owing to the vibration consequent on the operation, or it may be

brought about by subsequent careless handling, and often even with no apparent cause. It

is therefore very desirable before going to the labour and expense of cutting a stone, to make

certain that it is free from such faults. This may be done as mentioned above, by

immersing the stone in a strongly refracting liquid and inspecting it with a lens. Another

method is to heat the stone and then quickly cool it by immersing it in cold water ; any

incipient cracks will be made to develop by this treatment and thus become more distinctly

visible, or the stone may even fracture along the cracks ; this operation is of course risky

and should not be attempted with valuable stones.

6. Icy flakes.—These are 'small cracks which are not of natural occurrence in

precious stones, but are developed during the process of grinding if a stone has been allowed

to become too hot. Their presence is manifested as dull cloudy areas on the surface of the

stone which are incapable of receiving a good polish. Such faults can be avoided by keeping

the temperature of the stone down during the process of grinding.

I. ARTIFICIAL PRODUCTION.

As in the case of many minerals, it has been possible to produce the majority of

precious stones by artificial means. These artificial products are in every respect identical

with naturally occurring precious stones—namely, in their chemical composition, crystalline

form, and in all their physical characters. When it is possible to obtain such artificially

formed precious stones of sufficient size and of the clearness, transparency, and fine colour

of the naturally occuring precious stones, they will be equal in value to the iatter, and

equally applicable to decorative purposes. To consider artificially formed stones inferior

to natural stones is nothing but baseless prejudice. They differ from the latter in no

respect save origin, having been produced under artificial instead of natural conditions;

they are therefore truly genuine stones, and in no sense must they be regarded as

imitations.

Many have been the experiments made with the object of producing minerals by

artificial means, and in numerous instances such efforts have been successful. In the

case of precious stones the results, although of the greatest scientific interest, have had,

up to the present, little or no practical importance, since the stones obtained have been but

of very small size, often microscopically minute, and thus useless as gems. Only in the

case of two of the more valuable precious stones, the ruby and turquoise, have results
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of importance been yet obtained. The French chemist, Fremy, has prepared crystals

of ruby, which, though not large, are yet of sufficient size to be mounted as gems. It

appears also that a method has been discovered for the artificial production of turquoise.

The details of this method are, however, kept secret. These subjects will be reconsidered

when we come to treat specially of ruby and turquoise.

It may probably be safely asserted that the artificial production of every precious

stone in a form suitable for decorative purposes is only a question of time. But the

possessor of natural gems need not fear on this account a depreciation in the value of

his jewels, since the artificial products hitherto obtained are but just within measurable

distance of the required standard. Moreover, research in the direction of the preparation

of artificial rubies has shown that the cost of artificial production, owing to the expense

of raw material of the necessary purity and the costly nature of the apparatus required,

is quite equal to the price commanded by natural stones.

It is probably possible, even at the present day, to so improve on the apparatus

and methods of manipulation in the artificial manufacture of rubies that fine crystals

may be produced at less cost. Naturally such researches have been frequently undertaken,

although possibly often in secret, owing to the value a happy discovery might have. The
possession of the secret by which costly precious stones could be prepared at comparatively

small cost, in a condition equal to that of natural stones, would indeed be a source of

wealth ! The artificial production of precious stones in large quantities would, of course,

very soon bring their price down to a minimum, and would also depreciate the value of

natural stones. Thus it would result that precious stones which had previously been rare

and costly objects, and their acquisition possible only to the rich, would come to be within

the reach of all classes. This being so, their possession would cease to distinguish the

upper and wealthy classes from less-favoured individuals, and hence precious stones would

lose the attribute to which at the present time a large part of their value is due.

J. COUNTERFEITING:

In dealing in objects of such value as precious stones, it is not surprising to find

that efforts are often made to substitute for a genuine and costly stone one of similar

outward appearance, but of less value, in order to deceive an inexperienced buyer. In

place of fine stones of high price, attempts are made to pass off stones of less value or

glass imitations of the same colour ; or, in place of faultless specimens, genuine stones

disfigured by the presence of faults, which are hidden by one device or another as

completely as possible. Often two small stones are cemented together so that they

appear as a single large one ; or, again, the upper portion of a cut stone may be genuine

while the lower is false.

The inventive genius of dishonest dealers in precious stones is responsible for many

other methods by which the unwary purchaser may be deceived. Any person desirous

of obtaining a genuine precious stone of any considerable value must be prepared to

exercise the greatest caution, unless he is dealing with a well-known and reliable man

whose integrity is above suspicion. The more costly the stone the greater is the caution

necessary, for the possibility of greater gain is more inducement to fraud. In such

cases fraudulent devices are concealed with greater dexterity, and for their detection a

sharp eye is necessary as well as expert knowledge, and such experience can only be

acquired by familiarity with the trade.

The deceptions practised by Eastern dealers in precious stones are notorious. Many

a traveller in India, Burma, Ceylon, &c, with no thought of suspicion in his mind, has
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bought some apparently beautiful stone, only to learn when too late that he has acquired

some utterly worthless object—perhaps a piece of cleverly prepared bottle-glass ! There
is still more scope for fraud in mounted stones, the setting of which may be used to conceal

all kinds of deceptions. In this connection there will be no harm in repeating the rule,

that costly and valuable precious stones should never be purchased in a mounted condition.

It is not to be denied that certain artifices, which have been already described, amount
to an illusion, inasmuch as they make the stone appear better than it actually is. Such
artifices, however, cannot be considered fraudulent, since they are openly practised and are

known to all persons concerned. Moreover, a lower price will be asked, at least by a
respectable dealer, for a stone that has been so treated than for one which stands in no
need of artificial improvement. There are indeed many devices, similar to those which
have been described, which are adopted quite openly and in all good faith, and are made
use of by every fair-dealing jeweller. Such devices, which fall under the head of recognised

and allowable manipulation, are not hidden from an intending purchaser, nor is a higher

price set on the stone than its natural qualities justify.

We may contrast with such a transaction one in which a yellowish diamond has
received a thin coating of blue colouring-matter, and has then been sold as a colourless,

water-clear diamond at a correspondingly high price. There can be no two opinions as to

the nature of this latter transaction. There are many cases, however, where it is difficult to

draw the line between an artistic device and a fraudulent artifice ; the decision in such cases

will turn on the behaviour of the dealer, whether he gives a genuine description to the

stone and asks a price corresponding to its natural qualities, or whether, on the other hand,

he conceals its deficiencies and demands a correspondingly higher price.

The buying and selling of precious stones is then, as we have seen, a trade in which

fraudulent practices are particularly easy. It would not be practicable to detail every

single possibility of fraud, especially as the oldest tricks appear again and again in new
dresses. Such frauds as are most frequently practised will be described below

:

1. Substitution of less valuable stones.—This can only be effected when the

cheaper stone resembles to a certain extent the more valuable one in colour, lustre, and

general appearance, and if possible approaches it also in some essential character, such as

specific gravity or hardness. In such cases a little special knowledge of the subject is

necessary in order to distinguish between the two stones. In this way a colourless topaz

may be substituted for a diamond, since both stones are colourless, and both the lustre and

the specific gravity of the topaz approach those of the diamond. To give another example,

either colourless zircon or colourless sapphire may be substituted for diamond, and according

to Mawe, a London jeweller, these stones at the beginning of the nineteenth century

commanded a high price since they were especially suitable for selling as diamonds at a still

higher price. The variety of the yellow quartz, known as citrine, is substituted for yellow

topaz, and red spinel is often offered for ruby ; other similar cases might be mentioned.

Some of the stones mentioned above cannot in their natural condition be sold as

substitutes for more valuable stones of another kind. Thus hyacinth (zircon) is naturally

of a yellowish-red colour, and only becomes colourless and acquires a stronger lustre after it

has been heated ; similarly, blue sapphire is rendered colourless by heating. For the same

purpose, stones are not only decolourised but also artificially coloured. A fine blue colour

is imparted to chalcedony, so that, to a certain extent, it resembles lapis-lazuli and may be

used instead of that mineral in cheap jewellery and ornaments of various kinds.

An experienced eye will usually be able to detect such fraudulent attempts at the first

glance, but there are cases in which this is not possible without a more thorough examina-
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tion of the stone according to the methods of scientific mineralogy. These methods will be

detailed in the third section of this book, and under the description of each kind of

precious stone it will be stated how that stone may be distinguished from others which

resemble it in general appearance.

2. Doublets.—A cut stone, which consists of an upper and a lower portion cemented

together so as to present the appearance of a single stone, is known as a doublet. There is

less deception here when the two portions consist of genuine material, for example diamond,

the two small stones forming together a large and apparently single stone, which, if really

single, would be of greater value than the two stones mounted separately. Such a

combination of two small, genuine stones may be referred to as a genuine doublet.

Very frequently, however, the upper portion only of the doublet is genuine, the lower

portion being cut from comparatively worthless material, such as quartz or glass. When
skilfully contrived, such a doublet has the appearance of a single stone of the same

material as that of the upper portion, and at a first glance shows all the beauty such a stone

would have. Such combinations are known, from the material of their upper portion, as

diamond-, ruby-, sapphire-doublets, &c. It is said that in Antwerp at the present time

diamonds and colourless sapphires are often combined in this way. The advantage to be

derived from such a proceeding is very evident ; the dealer is able to sell what appears to be

a large stone but which in reality consists of comparatively little genuine material. When
the lower half of a semi-genuine doublet of this kind consists of glass, this may be fused to

the upper portion and a more intimate and permanent union effected than if the two

portions were fixed together by cement or mastic.

A fraud of this kind is difficult to detect when the stone is mounted in a closed setting.

Detection is easier when the stone is unmounted, for with the help of a good lens the line of

junction of the two portions may be seen, or sometimes the prismatic colours of thin films

may be visible where air has penetrated along the plane of j unction. The two portions of a

doublet cemented together by mastic will fall apart when the stone is placed in hot water,

but this of course will not happen when the two parts are fused together. The compound

nature of a doublet made, of glass, and of a doubly refracting stone such as ruby, is easily

recognised by the different behaviour of the two parts in polarised light. The difference in

the refractive index of the two parts will also serve the same purpose, especially with doublets

of colourless stones such as diamond and rock-crystal. For the purpose of demonstrating

this difference the stone is immersed in a strongly refracting liquid, such as methylene

iodide, and this diluted until one or other part of the stone becomes invisible. As explained

in the section on optics, this will happen when the index of refraction of the liquid is the

same as that of the stone. In the case of a doublet of quartz and diamond immersed in

methylene iodide diluted with benzene the quartz will become invisible, while the more

strongly refracting diamond will still preserve its sharp outlines.

Such elaborate devices for the detection of a doublet are, however, only necessary when

it is very cleverly made, and when the substances of the two portions are well matched.

Indian jewellers are specially expert in the production of good doublets. When less

carefully contrived and put together, there will be sufficient contrast between the two

portions to make the doublet easily recognisable as such.

Doublets, of which the upper portion consists of rock-crystal or other colourless stone,

and the lower part of a coloured glass, are known as false doublets. Here the colour of the

lower portion is imparted to the upper harder portion. The same effect is obtained when

between the upper and lower uncoloured portions is placed a thin layer of coloured material,

a plate of metal, or even a piece of coloured gelatine-paper. When the two portions are
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differently coloured, the stone may be instantly recognised as a doublet by holding it up to
the light and viewing it from the side, or observation with a lens will disclose the coloured
layer between the two colourless portions. Here, as in all cases, when examining a doublet,

the stone must of course be unmounted.

The construction of hollow doublets is somewhat peculiar ; these consist of an upper
portion of rock-crystal or colourless glass, which is hollowed out below, the walls of the
hollow being finely polished. The cavity so hollowed out is filled with a coloured liquid,

and closed with a plate of rock-crystal or glass, or by a complete lower portion of the same
material. The whole doublet if viewed from above, that is from the table, appears of the

same colour as the liquid ; when viewed from the side, however, the boundary of the cavity

containing the coloured liquid is plainly visible.

3. Glass imitations.—The manufacture of glass imitations of precious stones has
reached a high degree of perfection. The varieties of glass suitable for this purpose are

known as paste, and this name is also applied to the imitations themselves, which are often
substituted for genuine precious stones. This species of fraud, which is common enough at
the present day, was known and practised by the ancients, and attention was drawn to it by
Pliny, who gave eloquent warnings on the subject.

The manufacturer of such kinds of glass aims at producing a substance which will, as far

as possible, exhibit the more beautiful and valuable characters ofgenuine precious stones, and
which, at the same time, will be in price as far removed as possible from the latter. The
method at present followed is to produce a mass of glass which shall be as clear, transparent,

and colourless as possible. When a material for coloured imitations is required, the

colourless glass must be again fused with some metallic oxide capable of producing the

desired colour.

The majority of precious stones can be so successfully imitated in glass that only a

very practised eye can distinguish without more detailed examination a genuine stone from
its paste imitation. Some of these artificial glasses possess not only the same clearness

and transparency, but also in a large measure the lustre and high index of refraction

and dispersion of a diamond of the purest water. Others again may exhibit a colour

comparable with that of the finest ruby, sapphire, emerald, or topaz, &c.

The one point, however, in which all artificial imitations fail is hardness ; they have the

hardness of glass (H = 5), and are, as a rule, softer than ordinary window-glass. In spite of

this fact they take a high polish, which, however, after use is soon lost ; neither is the

sharpness of their corners and edges retained for any length of time. Although when new

these glass imitations are very similar in general appearance to genuine stones, and may be

substituted for them with, in most cases, but little fear of detection, yet after they have been

in use a short time they become dull and anything but beautiful objects. If it were possible

to give these artificial glasses the hardness of true precious stones, they would in many cases

be almost as suitable for personal ornament as are the latter, since the objection to their

use, which has been just mentioned, would not exist. This drawback to the utilisation of

the soft artificial glasses as precious stones is frequently overcome by the use of the semi-

genuine doublet, the lower and larger portion of the doublet being of glass, and the upper

smaller portion of some hard stone, such as quartz.

An artificial glass may, in almost all cases, be distinguished from a genuine stone by its

lack of hardness. Glass is, as we have already seen, easily scratched by a hard steel point,

which will not touch the great majority of precious stones. In addition to other methods,

an aluminium pencil has recently been used for the purpose of distinguishing between genuine

stones and glass imitations ; the point of the pencil when drawn over glass leaves a shining,
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silvery line, which is not the case when the material is a true precious stone. Glass, being an

amorphous substance, is singly refracting, while many precious stones are doubly refracting ;

this difference may, with the help of the polariscope, prove useful in distinguishing the two.

Again, singly refracting glass is never dichroic, hence a stone which, when examined with the

dichroscope shows different colours, cannot be glass. Some precious stones, for example

diamond, are, however, singly refracting, and not dichroic : these could not be distinguished

from ordinary glass by the aid of the polariscope alone, unless, indeed, the black cross

shown by unannealed glass, as already mentioned, should happen to be observed. There is

usually a difference in the specific gravity of a stone and of its glass imitation ; with very

heavy glasses, however, the specific gravity of which may be as high as 3'6 to 3'8, this

character may in certain cases approach more or less closely that of the precious stone it

imitates. Finally, it is to be noted that the manufacture of a glass absolutely free from

small air bubbles and other irregularities, such as streakiness, banding, &c, which never

occur in precious stones, is very difficult. Observation with a lens, or when necessary with a

microscope, will often result in the detection of such bubbles and streaks, the presence of

which will prove the false character of the stone. Moreover, there may often be seen at

the edge or girdle of a faceted specimen the marked, conchoidal fracture of glass, which

is often present in a characteristic manner, different from anything seen in a genuine

precious stone.

The material used for the production of imitations of precious stones is, in most cases,

a readily fusible, colourless glass, rich in lead, and known by the names strass, paste, or

Mainz flux. The qualities which this substance must show before everything else are the

most perfect transparency and clearness and freedom from colour ; it is therefore of

importance that the raw materials used in its manufacture should be of the greatest possible

purity. The constituents of strass are, as a rule, the same as those of ordinary glass with

the addition of one or two other substances, especially of red-lead. The most important

constituent is quartz, which must be quite free from iron, and is best suited for this particular

use in the purest form of rock-crystal. Potash is used in the form of potassium carbonate

(potashes), which must also be as chemically pure as possible ; potassium nitrate often

replaces the carbonate, since this salt can be more easily obtained in a pure condition ; for the

same reason another salt, potassium tartrate, is sometimes used. Potash, as a constituent

of strass, is sometimes replaced altogether by thallium, which can be used in the form

of any of its salts, the product thus obtained being known as thallium-glass. Lead is

employed in the form of red oxide (red-lead), which is prepared from chemically pure

metallic lead. A little white arsenic is sometimes added, but this is not an essential

constituent, and because of its poisonous nature is often omitted. For the purpose of

increasing the fusibility of the mixture, a little borax or pure boracic acid is added as a flux

;

this, however, does not enter into the composition of the glass, but is volatilised by the heat

of the glass-furnace.

These materials, after being powdered finely and intimately mixed, are fused together in

a Hessian crucible, and kept at as constant a temperature as possible, which should not be

higher than that just sufficient to produce complete fusion. The fused mass, which should

then be homogeneous, and as free from bubbles as possible, is allowed to remain for about

twenty-four hours in the furnace, during which time it cools gradually and slowly. Any
disturbance of the fused mass must be avoided in order to guard against the introduction of

äir bubbles, which cannot be again expelled, and which render the product unsuitable for the

purpose for which it is intended.

The constituents mentioned above are not used in the same proportions in all cases.
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The amount of lead especially varies very considerably, and is sometimes entirely

absent, though a glass free from lead cannot be correctly termed a strass. Many recipes are

given for the preparation of glasses suitable for the imitation of precious stones. A few of

the best containing varying amounts of lead are given below :

3 parts of fine quartz-sand, 2 of saltpetre, 1 of borax, | of white-arsenic.

9 parts of quartz, 3 of potassium carbonate, 3 of fused borax, 2 of red-lead, J of white-

arsenic.

8 parts of white glass free from lead, 3 of rock-crystal, 3 of red-lead, 3 of fused borax.

§ of saltpetre, ^ of white-arsenic.

7J- parts of quartz, 10 of red-lead, l| of saltpetre.

A mixture which is frequently used is 32 per cent, of rock-crystal, 50 of red-lead, 17 of

potassium carbonate, 1 of borax, and J per cent, of white-arsenic.

The greater or less the amount of red-lead in the mixture, the more or less rich in lead

will the resulting glass be, and the other constituents will vary accordingly. The amount
of silica in lead-glasses varies between 38 and 59 per cent., potash between 8 and 14 per cent.,

and lead oxide between 28 and 53 per cent. As an example of the chemical composition

of a lead-glass (strass) used to make an imitation of diamond, the following analysis may
be given : silica (Si0

2)
41*2, potash (K

20) 8*4, lead oxide (PbO) 50'4 per cent.

The physical characters of these glasses vary very considerably with the chemical

composition, the amount of lead present having a specially marked influence in this direction.

When this element is present in smaller amount the hardness of the glass is rather greater,

but the specific gravity, as well as the index of refraction and the dispersive power, are

lower. These latter properties are increased with an increase in the amount of lead present

;

a glass very rich in lead, such as the one of which the percentage chemical composition is

given above, has an index of refraction and a dispersive power comparable with those of

diamond, and will therefore have the brilliancy and play of prismatic colours characteristic

of this stone. This, indeed, is the object of the addition of lead to glasses which are to be

used as imitations of precious stones ; the increase in the amount of lead also raises the

specific gravity of the resulting glass, this being sometimes as high as 3"6 or 3'8, higher, that

is to say, than that of diamond.

The play of prismatic colours is even finer in glasses in which thallium replaces

potassium than in those in which lead is the only heavy metal present. The presence of

this heavy metal as a constituent of the glass very considerably increases its dispersion and

index of refraction ; such thaliium-lead-glasses are, as regards their optical characters, much

superior to the ordinary strass of the composition mentioned above. The specific gravity is

also higher and reaches 4*18 to 56, increasing with an increase in the amount of thallium.

A glass containing a moderate proportion of thallium, and with a specific gravity of 4*18,

has a dispersion of 0049 ; that of ordinary lead-glass (flint-glass of Fraunhofer) is only

0*037, the dispersion of diamond being 0*057.

Different glasses, varying in their physical characters according to their chemical

composition, may therefore be employed for different purposes. A stone which is to imitate

the diamond must have a high index of refraction and a high dispersion, and for this

purpose a glass rich in lead, or, better still, a lead-glass containing thallium, will be used. A
precious stone possessing only a low index of refraction may, on the other hand, be imitated

by a strass containing but little lead, or even by one from which lead is altogether absent.

The recipes given above should produce, when the materials are quite pure, a perfectly

colourless glass. A coloured glass is obtained by the addition to the strass of a colouring

substance. The substances usually employed for this purpose are metallic oxides, which
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must be in as pure a state as the other constituents of the strass. In the manufacture of a

coloured glass, the colourless strass already prepared, and the requisite amount of metallic

oxide, are both reduced to a state of fine powder, and are then intimately mixed by being

passed through a sieve. The mixture is then fused at a moderate temperature, and allowed

to remain in this condition for about thirty hours, after which it is very slowly cooled.

Only a very small amount of the metallic oxide is necessary to produce any required colour,

the actual amount differing with different oxides. The depth of colour imparted by any

given oxide will, of course, depend on the amount of it used ; a light colour will be given

by a very small amount, while a larger amount may produce a colour so deep that thick

pieces of the glass will appear black and opaque. Between these two extremes every

gradation of colour is possible. As an example of the intense colouring power possessed by

some metals, it may be stated that one part of gold will impart a vivid ruby-red colour to

10,000 parts of strass, while this same amount will impart an unmistakable rose colour to

20,000 parts of strass.

The substances employed for the production of differently coloured strass are many and

varied. Cobalt oxide or smalt produces a blue colour, to which a tinge of violet may be

given by the addition of a small quantity of manganese oxide. Yellow is produced by

silver oxide or chloride, and by antimony oxide or the so-called red-antimony, which is a

mixture of the oxide and sulphide. The addition of a small amount of coal also produces a

yellow colour, the intensity of which varies from a light honey-yellow to yellowish-brown

according to the amount used ; a beautiful golden-yellow is obtained by adding in addition

to the coal a little manganese oxide. The use of coal for the production of a yellow colour

is, however, only possible in glasses free from lead. Chromium oxide and copper oxide each

produce a green colour, to which a bluish tinge may be imparted by the addition of a little

cobalt oxide, while a yellowish-green is obtained by adding red-antimony. A mixture of

cobalt oxide and red-antimony produces a green colour, due to the combination of the blue

of the cobalt and the yellow of the antimony. Red may be obtained by the addition of

various substances, namely, cuprous oxide (Cu
20), gold oxide, gold chloride, or purple of

Cassius, the last named being used for the production of ruby-glass, so called from the

resemblance of its colour to the red of the ruby. A red colour inclining to violet is

obtained by the use of manganese oxide which should be as free as possible from iron, a

pure violet being obtained by the use of a little cobalt oxide in «addition to this ; a larger

amount of cobalt oxide produces a reddish-brown colour. Black glass, which remains black

even in the thinnest layers, is produced among other methods by adding a large amount of

tin oxide and afterwards fusing again with a mixture of manganese oxide and hammer-slag

from iron-works.

An opaque, white glass, that is an enamel, is obtained by the addition of a small

quantity of either tin oxide, calcium phosphate, or bone-ashes. This opaque glass is capable

of colouration by metallic oxides, and hence imitations of opaque stones such as turquoise

are possible, the blue colour of this stone being imitated by adding a little copper oxide

and cobalt oxide. The appearance of opal, chalcedony, and other translucent stones, and

even to a certain extent the colour bandings of agate, may be imitated in glass by methods

very similar to those above described.

It is not by any means to be supposed that pastes can be produced at a very low cost.

The production of a strass suitable for making good imitations of precious stones is a

comparatively expensive operation, the price of materials of the necessary purity being high,

and the appliances and apparatus used in the manufacture necessitating the outlay of some

considerable capital. For this reason, only the more costly precious stones are imitated in
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this more perfect manner. Poorer imitations, which can be recognised at a glance even by
the most unsophisticated, are made from common materials with no special care; the cost

of their production is low and they are used in the most inferior so-called ornaments.

The material for the imitation of precious stones having been produced by the methods
described above, is ground, polished, and mounted, these processes differing in no wise from

the grinding, polishing, and mounting of genuine stones, which has already been described.

Attempts appear to have been recently made to produce a glass imitation of a precious

stone which, besides the usual constituents of this substance, shall contain those characteristic

of the stone imitated. Thus a rough chemical analysis of this material would be similar to

that of the genuine stone. Imitations of emerald have recently come into the market, which

contain seven to eight per cent, of beryllium oxide, an essential constituent of emerald but

not ordinarily of glass. All the physical characters of the material are those of green glass

and not of emerald. Of the place and method of preparation of this material nothing

is known.

K. VALUE AND PRICE.

The esteem in which the different kinds of precious stone are held does not by any

means depend solely on their beauty, durability, or similar characters, but is influenced by

various external conditions. The price demanded for precious stones is therefore fluctuating,

since it is regulated, as in the case of any other objects which are bought and sold, by the

laws of supply and demand. A large supply and a small demand results in a low price, and

vice versa ; when the supply and demand both vary in the same direction, that is, when they

both rise or both fall equally, the price remains stationary.

The supply of each kind of precious stone depends essentially on the frequency with

which it occurs in nature and on the extent to which it is mined. For reasons which have

already been pointed out, precious stones which are of very common occurrence even when

possessed of considerable beauty are never held in very high esteem, and consequently never

command a high price, the price of the cut stone often only slightly exceeding the cost of

cutting. Stones on the contrary which possess the merit of rarity are much sought after

and valued far more highly.

The supply of any one kind of precious stone in the market varies at different times

and this causes a corresponding variation in price. The exhaustion of a locality, which has

formerly supplied a large number of stones, will result in a rise in the value of that

particular stone, while the discovery of a new source of supply has an opposite effect. The

history of the various discoveries of diamond is an instructive example of this fact. In the

seventeenth century, the price of the diamond rose steadily higher and higher on account of

the gradual exhaustion of the Indian mines which were the only ones then known. The

discovery of the rich Brazilian mines in 1728 caused a rapid and marked fall in the price of

diamond ; with the gradual exhaustion of the Brazilian deposits, the price again gradually

rose until the discovery of diamonds in South Africa in 1867. So large has been the supply

of diamonds from this locality that the price, for average material at least, is lower than it

has ever been before.

The amount of production is not, however, the only factor which influences the supply.

A large accumulation of stock thrown suddenly upon the market has the effect of lowering

the prices. Of interest in this connection is the statement made by Kluge in 1860 to the

effect that a few years before, at the Easter fair of Leipzig, the price of diamonds suddenly

fell fifty per cent, owing to the fact that the Brazilian Government had paid the interest of

the national debt in diamonds instead of in cash.
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The causes which operate to produce fluctuations in demand are more intricate and

difficult to trace. The earning capacity of a nation, and consequently the general prosperity

of the people, the general trend of events, the wide-spread existence of a taste for ornament

or display, fashion, and such like considerations, are all factors which influence the demand
for precious stones. Since precious stones are purely articles of luxury for which there is

no absolute need, and which it would be possible to dispense with completely, they are only

extensively used in times of peace and commercial prosperity when the necessities of life are

abundant and easily obtained. At such times, and especially when public events create and

foster a taste for display, the price of precious stones will rise. When, however, the

purchasing-power is diminished in consequence of war or of industrial crises retrenchment

will first be made, naturally not in the necessities of life but in its luxuries ; there will be

little or no demand for precious stones, and, moreover, the heirlooms or recent acquirements

of old families will be thrown on the market and will help to accentuate its downward

tendency.

Many examples of this rise and fall in the value of precious stones may be found in

French history. Thus, during the period, of lavish display immediately preceding the

French Revolution, when the European Courts vied with each other in extravagance and

luxury, the price of precious stones, and especially of diamond, rose high. During the

Revolution and the series of miserable wars which followed, precious stones fell in value,

only to rise again steadily during the long years of peace which followed Napoleon's fall.

This steady rise culminated in the year 1848, the events of which caused a sudden but

temporary fall of seventy-five per cent, in the value of precious stones.

The tremendous effect of a commercial crisis is shown, for example, by the statement of

the traveller J. J. von Tschudi, that during the great depression in trade and exchange of

1857 and 1858 in Brazil diamonds sank to one-half their original value. At such crises

the larger and more valuable stones suffer the greatest depreciation, since the demand for the

smaller and more moderately priced stones does not fall away to the extent of that for the

highly priced stones. The rise in price of precious stones during a period of prosperity is

exemplified in a remarkable manner by their value in the sixteenth and seventeenth centuries

when treasure from the rich silver mines of South America came pouring into Europe

;

and again after the discovery of the Californian and Australian goldfields in 1848 and the

following years.

The demand for precious stones regardless of their kind, or for one kind in preference

to another, is affected very powerfully by the arbitrary and capricious fashion of the

moment. At times of national disaster or commercial depression the effect of fashion on

the general demand for precious stones must necessarily be small, but at other times, when

the demand has revived, this factor makes itself felt in a preference now for one kind of

stone now for another. The most beautiful and costly stones, the diamond, ruby, sapphire,

and emerald are indeed always sought after, but it is otherwise with those of less prominent

beauty. The recent history of " oriental cafs-eye," a variety of chrysoberyl found in

Ceylon, forms an instructive example of the way in which a stone may be suddenly brought

into favour. For many years there was no demand whatever for this stone, it was stocked

by no jewellers, and its value was correspondingly low. When, however, the Duke of

Connaught gave a betrothal ring containing chrysoberyl to the Princess Louise Margaret

of Prussia the stone became fashionable, first in England and then elsewhere. So extensively

was it used that Ceylon could scarcely supply the demand, while the price of course rose

very considerably. The freaks and caprices of fashion afford much scope for speculation in

precious stones. As an example of this may be mentioned the acquirement by a French
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Company of the so-called topaz mines in Spain. Topaz, which was formerly much worn

and therefore prized, is now, in common with other yellow stones, regarded with but little

favour and its price is therefore low. The mines mentioned above had been acquired in the

hope that sooner or later the topaz may regain its former popularity ; it may be stated here,

however, that the mineral derived from these mines is not true topaz but quartz of a

beautiful yellow colour, which is frequently sold for topaz.

It will not now be surprising to learn that those precious stones, which always have

been and always will be most highly prized, have in past times varied greatly in their relative

value ; in other words, different stones have at different periods been held in the highest

esteem. According to C. W. King, to whom we are indebted for much important historical

work in connection with precious stones, the diamond was the most highly esteemed of

precious stones among the Romans, and also in earlier times in India ; in the estimation of

the Persians, however, it occupied the fifth place, following after pearl, ruby, emerald, and

chrysolite. Benvenuto Cellini placed on record that in the middle of the sixteenth century

ruby and sapphire were esteemed more highly than diamond, which had only one-eighth the

value of ruby, this latter stone being prized above all others. The Portuguese author,

Garcias ab Horto, writing at the same time (1565), placed diamond in a series of precious

stones, arranged according to their value, in the third place, giving the first place to emerald,

and to ruby, when clear, the second. We find a parallel to this at the present time, for

diamond is to-day far exceeded in price by ruby, and is often equalled in price by emerald.

These comparisons of course refer to stones of the same size and quality and, when cut, with

the same perfection of form.

The value attached to a precious stone depends very largely on the size of the specimen,

which is estimated from its weight. The special unit of weight almost universally used is

the carat. This is supposed to have the weight of a seed of an African leguminous tree,

known to the natives as " kuara," a species of Erythrina (E. abyssinka) ; the fruit of this

tree when dry is characterised by its very constant weight, and is said to have been used in

Africa for weighing gold. It is supposed that it was afterwards adopted in India as a

standard of weight for precious stones. According to another view, the carat is the weight

of a seed from the pod of the locust-tree, its name being derived from the Greek word

keration, signifying the fruit of the locust-tree. The origins claimed for this standard of

weight being so diverse, it is not surprising to find that its value, like that of the old pound

and ounce, varies not inconsiderably in different countries. On an average the carat does

not differ in value much from a fifth of a gram (200 milligrams), or about 3£ English

grains,

below

:

The exact values in milligrams of the carat at different places are tabulated

Amboina
Florence

Batavia

Borneo

Leipzig

Spain .

London

Berlin

Milligrams.
Milligrams

197-000 Paris .... 205-500

197-200 Amsterdam 205-700

205-000 Lisbon 205-750

205-000 Frankfurfc-on-Main .
205-770

205-000 Vienna 206-130

205-393 Madras 207-353

205-409 Livorno 215-990

205-440

The fractions of the carat used in weighing precious stones are |, J, i, &c., down

to JT , smaller fractions than these being neglected; these fractional parts of the carat are

usually expressed with a denominator of sixty-four. One sixty-fourth of a carat of 205



104 GENERAL CHARACTERS OF PRECIOUS STONES

milligrams is equal to 3*203 milligrams. The fourth part of a carat is known as a grain,

being, however, not an ordinary grain but a " diamond-grain,"'
1 u pearl-grain," or " carat-

grain " ; it is a unit but rarely used. In France 144 carats equal one ounce.

The practical inconveniences which result from the discrepancies between the weight of

a carat in different countries can easily be imagined. So firmly established, however, is the

use of this unit in almost all civilised countries, that there seems no prospect of replacing it

by the more convenient gram of the metric system. The change to grams could be effected

with no great confusion, since the weight of half a carat very nearly corresponds in all cases

to 100 milligrams or ^ gram. The gram, however, finds very little favour with dealers in

precious stones, although in Germany since 1872, in Austria since 1876, and in Holland for

some time, it has been the lawful unit of weight for precious stones. In 1871, and again in

1876, a syndicate of Parisian jewellers proposed that the carat should universally have the

value of 205 -000 milligrams, a value it has always had in Leipzig and in the Dutch East

Indies. This proposal has met with considerable favour, and it is probable that before long

this value for the carat will be universally accepted, and that other values will fall into

disuse, since the jewel-dealers of London and Amsterdam, which are the centres of the trade,

are at one with their Parisian colleagues in this matter. At the same time, it is proposed

to subdivide the carat according to the decimal system instead of the present cumbrous

and inconvenient division into sixty-fourths.

In England dealers in precious stones, especially the less valuable so-called semi-precious

stones, sometimes make use of troy weight, as it is also employed for precious metals. An
ounce troy (480 grains) = 31 '103 grams = 151*707 carats (of 205 milligrams). This carat

then is equal to 3*165 grains, and inversely a grain = 0*316 carat. Further, a grain troy,

avoirdupois or apothecaries', is equal to 1*264 " carat-grains,
1

"' " pearl-grains,
11
or " diamond-

grains
11

; and one " diamond-grain 11

is equal to 0*791 grain troy. The word grain is

therefore ambiguous, and a weight given in grains is likely to lead to confusion and error,

unless it is definitely known what system of units is referred to. This confusion, however,

is confined to British weights, for in no other country is the grain troy used for precious

stones.

Some other units of weight of little importance are in local use at certain places where

precious stones are found. The more important of such units will be briefly mentioned here

since they are sometimes to be found in books of travel and in old descriptions of precious

stones, as well as in more recent reports of the occurrence of precious stones in various

countries, and there is often difficulty in obtaining information concerning such units.

In Brazil the weight of gold and precious stones is estimated in oitavas, an oitava

being £ ounce, and 128 oitavas going to the pound. The oitava, which corresponds in

weight to 17^ carats (sometimes given at 18), is subdivided into thirty-two vintems. Some-

times, however, the carat-grain is used as a subdivision of the oitava. Since four carat-

grains are equal to one carat, one oitava is equal to 70 (or 72) grains.

While this Brazilian unit of weight has a direct connection with the carat, the unit

used in India, especially in former times, is quite independent and distinct from it. This

Indian unit varies in different localities, and has also varied in value at different periods.

The Indian unit of weight, used principally in Sambalpur, is the masha ; it is subdivided

into eight ratis, a rati being the weight of the scarlet and black bead-like seed of the plant

Ahrus precatorius ; the rati is itself subdivided into four dhans. The value of a rati varies

at different places and times between 1*86 and 2*25 grains troy. On an average, therefore,

one rati = 2 grains troy = 2| carat-grains = about § carat. In Nägpur in 1827 one rati was

actually equal to 2*014 grains troy ; but at the present day it is usually equal to 1£ or 1*88
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grains troy, which again corresponds to 2370 carat-grains or diamond-grains. Tavernier
reckoned the value of the rati at J carat. The unit of weight at Golconda (Raolconda,
Kollur, and Visapur) is the mangelin; this Tavernier valued at If carat.

The miscal is a Persian weight, equivalent to forty ratis ; it is usually taken to corre-

spond to 74J grains troy. Two miscals make one dirhem.

The value of each kind of precious stone varies with the size of the specimen, but in

some cases the increase in value is not directly proportional to the increase in size. Some
stones, such as topaz, aquamarine, &c., occur frequently in fairly large masses ; of these

there is therefore no more difficulty in obtaining a large cut specimen than there is in

acquiring one of small size. The value of the stone will then vary directly as the weight, so

that a specimen of double the size will cost twice as much. It is otherwise, however, with

stones such as diamond and ruby, large specimens of which occur much less frequently than

do smaller stones. The latter are more abundant, larger stones are comparatively few, while

very large specimens are of great rarity, and cannot be produced when demanded, but must

be waited for until they happen to be found. The ratio of the increase in price of such

stones is higher than that of their increase in weight ; thus, if the Weight of a stone is doubled

its value will be more than doubled.

A rule was formerly given by which the price of large specimens of costly stones, and

especially of diamond, could be arrived at. This rule, having originated in India, is known

as the Indian rule ; it is also referred to as Tavernier's rule, because of its introduction into

Europe by the French traveller Tavernier, who travelled as a dealer in precious stones in

India and the East in the seventeenth century, his famous Six Voyages being published in

1676. It has, however, been pointed out by Schrauf that the rule had been made known in

Europe almost a hundred years previously (1598) by the English traveller Lincotius, and

that its mention in one of the oldest and most famous books on precious stones, the

Gemmarum Historia, by Anselm Boetius de Boot, published in Hanover in 1609, was

derived from this source.

According to this rule the price of a diamond which exceeds one carat in weight is

obtained by squaring its weight in carats, and multiplying by the price of a stone of one

carat. If, for example, the price of a stone weighing one carat is i?10, then the price of one

weighing five carats would be 5 x 5 x 10 = £250. In general, if the price of the carat-stone

is p, and the weight of the stone to be valued is m carats, then its price is given by rn X m x

p = m2
p.

This rule has, however, never been generally adopted anywhere ; it merely serves to

give a rough approximation to the value of large diamonds. In former times the price of

smaller diamonds, as given by this rule, was fairly correct and agreed very closely with their

actual market value ; later, however, it could not be applied even to stones of moderate size,

since it gave them a price higher than that for which they could actually be sold. This

disproportion is even greater in the case of larger stones ; the original rule has therefore,

following the Brazilian diamond dealers, been modified, so that instead of taking the price

of a carat-stone equal in quality to the one to be valued, the price of a carat-stone of

inferior quality is taken as the multiplier^. Even with this modification the calculated

value does not completely agree with the actual market value. Later, Schrauf in 1869

suggested another rule for estimating the value of large diamonds ; here half the weight in

carats of the stone is multiplied by its whole weight plus two, and this by the price of a

carat-stone. According to this rule, the value of a stone of 5 carats, the value of the carat-

stone being taken at <£>10 as before, would be 2J X 7 X 10 = ^175, or, in a general

expression, ^ x (m -f 2) x p = (^ + m) p. At the time this rule was promulgated, it
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gave results which closely approximated to market prices ; since the discovery of the South

African diamond-fields, however, large stones have come into the market in much greater

numbers than previously, so that even this rule is no longer applicable for trade purposes.

The subject of price will be again referred to when we come to treat specially of diamonds

and other precious stones.

We must now consider the relative value of cut and uncut stones. A cut stone will

naturally be more expensive than a rough stone of the same quality and size. To the value

of the rough stone must be added the cost of cutting ; and this, especially in the case of the

harder stones, and most of all in the diamond, is very considerable. Furthermore, a

considerable portion, often one-half or more, of the material of the rough stone is lost in the

process of cutting ; a cut stone is, therefore, in its rough condition, often double the weight

of the same stone when faceted, and this larger weight is taken into account when the stone

is sold.

The particular form in which a stone is cut is also an important factor in determining

its price, since the cutting of more complicated forms with numerous facets is more

expensive than that of simpler forms with fewer facets. Thus the price of a rose diamond of

the best quality is only about four-fifths of that of a brilliant of the same weight and quality.

The value of a precious stone varies to a very great extent according as the features on

which its particular beauty depends are strongly marked or insignificant ; and in this

connection small differences of quality, scarcely noticeable to an unpractised eye, are all

taken into account. A diamond of the second water, cut in the form of a brilliant and

weighing one carat, is usually considered to be two-thirds the value of a similar stone of the

first water. Further information of this kind may be obtained from the table published in

1878 by Vanderheym, which is given below in the section dealing with the value of

diamonds. The presence or absence of the various faults to which precious stones are liable,

and which have been already considered, of course affects the value of a stone to a very

large extent, the presence of a large number of faults sometimes rendering an otherwise

costly stone absolutely worthless.

III. CLASSIFICATION OF PRECIOUS STONES.

In the present section we propose to consider the various systems of nomenclature and

classification adopted for precious stones.

In scientific mineralogy, precious stones are regarded simply as minerals and are

classified accordingly. The classification of precious stones adopted by jewellers, however, is

more or less arbitrary in nature and differs somewhat widely from the system used by

mineralogists. Both scientific mineralogists and dealers in precious stones nevertheless

agree in bringing together as of one kind all those stones which resemble each other in their

essential characters, and in distinguishing by a special name the stones of that kind from

those of another kind. In arranging precious stones into such kinds, the characters which

are considered essential by a specialist in jewels may not be so considered by a mineralogist

;

and, conversely, what a mineralogist considers an essential feature may not have the same

importance in the classification of a precious stone specialist. From the mineralogical point

of view, a species is defined by the chemical composition and the crystalline form, together

with the several physical characters of the stones it embraces. These characters must be

constant for the same species, or at least vary within certain limits in a certain definite
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manner
;
characters which are liable to vary in different specimens, such, for instance, as

colour, are regarded as non-essential. It is far otherwise, however, in the case of precious
stones

;
here the application of a particular specimen depends largely on its colour, hence

this character plays an important part in the grouping of precious stones according to the
second method of classification, while characters, such as chemical composition and
crystalline form, having but slight influence on the application of a stone for ornamental
purposes, are much less relied upon.

Owing to these differences in the principles of classification, it is easy to understand
that many stones which may be brought together in a mineralogical classification, on account

of their similar chemical composition and crystalline form, under the same species, and may
be known by the same name, may, in the artificial system of classification, be divided among
several groups and be known by different names on account of differences in colour. On
the other hand, stones of the same colour, which a jeweller may consider of the same kind,

and to which he may apply but one name, or at least one with a qualifying prefix signifying

small differences of colour or hardness, may by a scientific mineralogist be grouped under

different species according to their chemical and crystallographic differences and be recog-

nised by different names.

A good example of the first case is afforded by the mineral species corundum.

Mineralogists include in this species all those stones which are composed of pure alumina

and which crystallise in the hexagonal system. The stones of this species are all of the

same hardness (H = 9) and specific gravity (sp. gr. = 4), while other physical characters are

equally constant. It is therefore in accordance with the principles of scientific classification

that such stones should be grouped in the same species and be known by the same name.

Different specimens of this species of mineral, however, may differ widely in colour; red,

blue, yellow, green, yellowish-green, greenish-blue, yellowish-red, violet, and colourless

specimens having all been found. All the colour-varieties mentioned above are not of equal

importance for purposes of ornament, but they are considered by the jeweller, in spite

of their mineralogical identity, as distinct and separate stones, and as such are distinguished

by special names ; these names are given below in the order in which the colour-varieties

were mentioned above : ruby, sapphire, " oriental topaz,
1* " oriental emerald,** " oriental

chrysolite,** "oriental aquamarine,** " oriental hyacinth,** "oriental amethyst,** white sap-

phire (leuco-sapphire). The mineral beryl is another case in point ; the mineralogist

includes the deep green , bluish-green, greenish-blue, and yellow specimens in the same species,

to which he gives the name beryl, since they all agree in chemical composition and crystalline

form, and differ only in colour ; the jeweller, on the contrary, refers to the deep green

variety as emerald, to the greenish-blue and bluish-green varieties as aquamarine and to the

yellow varieties as beryl.

Another example of the method of classification adopted by jewellers may be given.

All light greenish-yellow to yellowish-green transparent stones, whatever may be their

chemical composition and crystalline form, are referred to by jewellers as chrysolite. Thus

this name comes to include such essentially dissimilar minerals as olivine, chrysoberyl,

idocrase, corundum, and the peculiar moldavite or bottle-stone. To distinguish these one

from another, such descriptive terms as olivine-chrysolite, opalescent chrysolite for

chrysoberyl, "oriental chrvsolite
11

for yellowish-green corundum, &c, are used. The

original signification of the prefix "oriental ** has already been explained.

Minerals used as precious stones may be classified into groups according to various

systems : thus their position may be decided by the feature on which their beauty depends

;

by their essential mineralogical characters ; by the frequency of their occurrence in nature

;
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or more often, according to their value. Frequently they are divided into two main groups,

the true precious stones or jewels, and the semi-precious stones. K. E. Kluge, in his

Handbuch der Edelsteinkunde, published in 1860, distinguishes five groups of precious

stones, characterised by their value as gems, their hardness, optical characters, and rarity of

occurrence. Other methods of grouping are, of course, equally possible. There are no

sharp lines of division between such groups, which are to a certain extent arbitrary, and

there are many stones which would be placed by one authority in one group, and by

another authority in another group. As an example of a possible method of grouping, the

following classification by Kluge, in which the stones are arranged according to their

market value, may be given.

1. True Precious Stones or Jewels.

Distinguishing characters are : great hardness, fine colour, perfect transparency, com-

bined with strong lustre (fire), susceptibility of a fine polish, and rarity of occurrence in

specimens suitable for cutting.

A. Gems of the First Rank.

Hardness, between 8 and 10. Consisting of pure carbon, or pure alumina, or with

alumina predominating. Fine specimens of very rare occurrence and of the highest value.

1. Diamond.

2. Corundum (ruby, sapphire, &c).

3. Chrysoberyl.

4. Spinel.

B. Gems of the Second Rank.

Hardness, between 7 and 8 (except precious opal). Specific gravity usually over 3.

Silica a prominent constituent. In specimens of large size and of fairly frequent occurrence.

Value generally less than stones of group A 9
but perfect specimens are more highly prized

than poorer specimens of group A.

5. Zircon.

6. Beryl (emerald, &c).

7. Topaz.

8. Tourmaline.

9. Garnet.

10. Precious Opal.

C. Gems of the Third Rank.

These are intermediate in character, between the true gems and the semi-precious

stones. Hardness, between 6 and 7. Specific gravity usually greater than 2*5. With the

exception of turquoise, silica is a prominent constituent of all these stones. Value usually

not very great ; only fine specimens of a few members of the group (cordierite, chrysolite,

turquoise) have any considerable value. Specimens worth cutting of comparatively rare

occurrence, others fairly frequent.

11. Cordierite.

12. Idocrase.

13. Chrysolite.

14. Axinite.

15. Kyanite.

16. Staurolite.

17. Andalusite.

18. Chiastolite.

19. Epidote.

20. Turquoise.

% Semi-Precious Stones.

These have some or all of the distinguishing characters of precious stones, but to a less

marked degree.
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D. Geras of the Fourth Rank.

Hardness 4-7. Specific gravity 2-3 (with the exception of amber). Colour and lustre
are frequently prominent features. Not as a rule perfectly transparent ; often translucent,
or translucent at the edges only. Wide distribution. Value as a rule smaU.

21. Quartz.

A. Crystallised quartz.

a. Rock-crystal.

b. Amethyst.

c. Common quartz.

a. Prase.

ß. Avanturine.

y. Cat's-eye.

Ö. Rose-quartz.

B. Chalcedony.

a. Chalcedony.

b. Agate (with onyx).

c. Carnelian.

d. Plasma.

e. Heliotrope.

f. Jasper.

g. Chrysoprase.

22

Opal.

Fire-opal.

Semi-opal.

Hydrophane.

Cacholong.

Jasper-opal.

Common-opal.

C.

a.

b.

c.

d.

e.

f.

Felspar.

a. Adularia.

b. Amazon-stone.

23. Labradorite.

24. Obsidian.

25. Lapis-lazuli.

26. Haüynite.

27. Hypersthene.

28. Diopside.

29. Fluor-spar.

30. Amber.

E. Gems of the Fifth Bank.

Hardness and specific gravity very variable. Colour almost always dull. Never
transparent. Low degree of lustre. Value very insignificant, and usually dependent upon
the work bestowed on them. Those stones, as well as many of the last group, are not
faceted, but worked by the ordinary lapidary in the large-stone-cutting works.

31. Jet. 43. Alabaster.

32. Nephrite. 44. Malachite.

33. Serpentine. 45. Iron-pyrites.

34. Agalmatolite. 46. Rhodochrosite.

35. Steatite. 47. Haematite.

36. Pot-stone. 48. Prehnite.

37. Diallage. 49. Elaeolite.

38. Bronzite. 50. Natrolite.

39. Bastite. 51. Lava.

40. Satin-spar (calcite and aragonite). 52. Quartz-breccia.

41. Marble. 53. Lepidolite.

42. Satin-spar (gypsum).

Among the stones enumerated above are a few such as marble, alabaster, &c, which

are never worked for personal ornaments, but only for other decorative objects ; these stones

will not be considered in the present book. On the other hand, there are certain stones

omitted from Kluge's list which will receive attention here, although they are but rarely

applied to the use of personal ornament. In the description which is now to follow, the

different precious stones are not arranged in classes, but are dealt with one after another in

the order of their relative value, combined to some extent with mineralogical characters.

Stones belonging to the larger families of minerals are placed in j uxtaposition, although

individual members of each group may differ considerably in value. The following is a

tabular review of the precious stones here dealt with, and the order in which they are

taken.
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Arrangement of Precious Stones adopted in the present work.

Diamond.
Corundum.

Ruby, Sapphire including star-sapphire and

white sapphire, " Oriental aquamarine,"
" Oriental emerald," "Oriental chrysolite,"

" Oriental topaz," " Oriental hyacinth,"

" Oriental amethyst," Adamantine-spar.

Spinel.
" Ruby.-spinel," " Balas-ruby," "Almandine-

spinel," Rubicelle, Blue spinel, Ceylonite.

Chrysoberyl.
Cymophane (" Oriental cat's-eye "), Alex-

andrite.

Beryl.

Emerald, Aquamarine, " Aquamarine-chry-

solite," Golden beryl.

Euclase.

Phenakite.

Topaz.

Zircon.
Hyacinth.

Garnet Group.
Hessonite (Cinnamon - stone), Spessartite,

Almandine, Pyrope (Bohemian garnet,

"Cape ruby," and Rhodolite), Demantoid,

Grossularite, Melanite, Topazolite.

Tourmaline.

Opal.
Precious opal, Fire-opal, Common opal.

Turquoise.
Bone-turquoise.

Lazulite.

Callainite.

Olivine.

Chrysolite, Peridote.

Cordierite.

Idocrase.

Axinite.

Kyanite.

Staurolite.

Andalusite.
Chiastolite.

Epidote.
Piedmontite.

Dioptase.
Chrysocolla.

Garnierite.

Sphene.

Prehnite.
Chlorastrolite

Zonochlorite.

Thomsonite.

Lintonite.

Natrolite.

Hemimorphite.

Calamine.

Felspar Group.
Amazon-stone, Sun-stone, Moon-stone, Labra-

dorescent felspar, Labradorite.

Elseolite.

Cancrinite.

Lapis-lazuli.
Haiiynite.

Sodalite.

Obsidian.
Moldavite.

Pyroxene and Hornblende Group.
Hypersthene (with Bronzite, Bastite, Diallage),

Diopside, Spodumene (Hiddenite), Rho-

donite (and Lepidolite), Nephrite, Jadeite

(Chloromelanite).

Quartz.
Crystallised quartz : Rock-crystal, Smoky-

quartz, Amethyst, Citrine, Rose-quartz,

Prase, Sapphire-quartz, Quartz with

enclosures, (Jat's-eye, Tiger-eye.

Compact quartz : Hornstone, Chrysoprase,

Wood-stone, Jasper, Avanturine.

Chalcedony : Common Chalcedony, Carne-

lian, Plasma, Heliotrope, Agate with

Onyx, &c.

Malachite.
Chessylite.

Satin-spar (Fibrous Calcite, Aragonite, and

Gypsum).

Fluor-spar.

Apatite.

Iron-pyrites.

Haematite.
Ilmenite.

Rutile.

Amber.
Jet.

Appendix : Pearls and Coral.
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DIAMOND.

The diamond, although not the most valuable of precious stones, yet unquestionably

exceeds all others in interest, importance and general noteworthiness. It is therefore fitting

that this stone should stand at the head of the series now awaiting consideration, and

should, moreover, receive at our hands more detailed treatment. In hardness, in the

perfection of its clearness and transparency, in its unique constants of optical refraction

and dispersion, and finally in the marvellous perfection of its lustre, the diamond surpasses

all other minerals. For these reasons, and despite the fact that it is not of very great

rarity even in faultless specimens of fair size—nine-tenths of the yearly trade in precious

stones being concerned with diamonds alone—it is very greatly valued as a gem ; moreover,

on account of its extreme hardness, it has several technical applications.

A. CHARACTERS OF DIAMOND.

1. CHEMICAL CHARACTERS.

Diamond is distinguished from all other precious stones no less by its chemical

composition than by its unique physical characters, for no other gem consists of a single

element. It is pure crystallised carbon, its substance is therefore identical chemically with

the material of graphite and charcoal. The extraordinary difference in the appearance of

diamond and that of other forms of carbon depends solely on the crystallisation of the

material and the physical characters consequent on this.

The fact that the one and only constituent of diamond is pure carbon was already

known at the end of the eighteenth century, and was suspected even earlier than this. In

the year 1675 Sir Isaac Newton had arrived at the conclusion that diamond must be com-

bustible ; this conclusion, though correct in itself, was based on theoretical grounds, now

known to be mistaken, connected with the high refractive index of the substance. In

1694-5 researches respecting the combustibility of diamond were conducted at the

" Accademia del Cimento " of Florence, by the Academicians, Averani and Targioni, at the

instigation of the Grand Duke Cosmos III. of Tuscany. Diamonds were exposed to the

intense heat of a fierce charcoal fire or were placed in the focus of a large burning-glass.

A stone so treated did not fuse but gradually decreased in size and finally disappeared,

leaving behind no appreciable amount of residue. These experiments proved that the

substance of diamond, as such, is destroyed at a high temperature ; whether its disappear-

ance was due simply to volatilisation, as in the case of sal-ammoniac, was of course

undecided at that early date. Investigations into the chemical nature of diamond and the
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meaning of its apparent destruction when exposed to heat were undertaken later by the

famous French chemist, Lavoisier, as well as by Tennant, Davy and others.

During the year 1772 and later, Lavoisier, the founder of modern chemistry, demon-

strated that the disappearance of diamond only took place when it was heated in air, and

that it might be exposed to the highest temperatures without loss of weight, provided that

any contact with air was prevented. He further showed that the air occupying the space

in which a diamond had been heated, and in which it had finally disappeared, possessed the

property of turning lime-water milky, as does carbon dioxide (carbonic acid gas) ; and,

moreover, that the lime-water so clouded effervesced when brought into contact with an

acid, just as it does when clouded by the addition of carbon dioxide. The consideration of

these facts led him to repeat his experiments, replacing diamond with ordinary carbon ; the

results were found to be identical, and there was nothing for it but to conclude that the

disappearance of diamond was due to combustion. In spite of these apparently conclusive

experiments, Lavoisier did not at that time venture to assert that the substance of carbon

and of diamond was completely identical.

This was left to be proved by Smithson Tennant, who in 1797 demonstrated that

the combustion of a certain weight of diamond resulted in the production of the same

amount of carbon dioxide as did the combustion of an equal weight of pure carbon. This

observation was confirmed later by other chemists, for example by Sir Humphry Davy, who

in 1816 showed in addition that the combustion of diamond was unattended by the formation

of even a trace of water. This proved that the conclusions of Arago and Biot, namely,

that diamond, on account of its high refractive power, must contain a hydrocarbon, were

incorrect. Later, all these results were confirmed by the well -arranged experiments of

Dumas and Stas, as well as of Erdmann and Marchand, and others. The combustion of

diamond in oxygen gas has now long been an every-day chemical lecture experiment.

These researches have been considered for some time to have finally settled the question

as to the constitution of diamond. Recently, however, Krause has suggested that this

question should rather be regarded as still an open one, and that the experiments which

have been described should be taken to prove simply that the atomic weight of the element

of which diamond is composed is identical with that of carbon. He has further suggested

that between the two, diamond and ordinary carbon, there might possibly be a relation

similar to that existing between the metals nickel and cobalt, which have the same, or very

nearly the same, atomic weight and very similar chemical characters. In order to decide

this point, Krause allowed the gases produced on the one hand by the combustion of

diamond, and on the other by that of pure carbon, to be absorbed by caustic soda. In

both cases he obtained crystals : in the one case these were, of course, crystals of sodium

carbonate ; in the other, the crystals produced agreed so completely with the crystals of

sodium carbonate in crystalline form, amount of water of crystallisation, specific gravity,

fusibility, solubility, electrical conductivity, &c, that there could be no reasonable doubt of

the identity of the two products. This experiment, then, proves definitely and conclusively

that the product of combustion of diamond is carbon dioxide, and that the substance of

diamond consists, therefore, of pure carbon.

A century previous to the work of Krause, Guy ton de Morveau had made experiments

with the idea of confirming or overthrowing the results of Lavoisier and Tennant, thinking

it inconceivable, as did the majority of his contemporaries, that the rare and costly diamond

and a common and widespread substance such as carbon could consist of one and the same

chemical element. The method he adopted for the purpose differs from the usual methods of

chemical analysis, and is interesting on account of its originality. It depends on the fact
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that soft bar-iron, when heated with charcoal, takes up a certain amount of carbon

and becomes converted into steel. In his experiment, Guyton de Morveau replaced

charcoal with diamond, and succeeded in converting the soft iron into steel, the

characters of which were identical with those of steel produced by the ordinary process.

His experiments thus supplied further proof of the chemical identity of carbon and
diamond.

The behaviour of diamond, when raised to a high temperature, varies according to

whether it is in contact with air or not. In both cases, however, the stone will be easily

cracked or fractured if the rise of temperature is too sudden ; such damage to the stone may
be avoided by ensuring that both the heating and the subsequent cooling shall be slow

and gradual.

In a stream of oxygen gas, a crystal of diamond begins to burn at a low red-heat.

It will gradually rise in temperature until it reaches a white-heat, and will then burn

uninterruptedly with a pale blue flame, even after the source of heat, such as a gas-flame,

applied at first for the purpose of raising the temperature to the point of combustion, has

been removed. The crystal gradually decreases in size, and finally disappears, the flame

at the last moment often flickering brightly like that of an expiring lamp-flame. The
combustion of diamond proceeds gradually from the exterior inwards ; it is unattended by

fusing, or, indeed, by any great alteration in the general form of the crystal, or in the physical

characters of its substance, the material of the inner portion remaining unaltered during the

combustion of the exterior.

It has been mentioned above that the combustion of diamond in a current of pure

oxygen will proceed even when the source of heat is withdrawn ; it is otherwise, however,

when the diamond is burning in atmospheric air. Should the source of heat in this case be

removed combustion will cease, owing to the fact that the oxygen of atmospheric air is

largely diluted with nitrogen, a gas which does not support combustion. In the one case

the heat evolved during combustion is sufficient to keep the stone above the temperature of

ignition, while in the other it is not.

The temperature to which a diamond crystal must be heated in the air before combustion

is started, is higher than the temperature of ignition in pure oxygen. According to

Lavoisier it is a little lower than the melting-point of silver, this being fixed at 916° C.

Moissan has recently determined the temperature of ignition of diamond in oxygen at 690°

to 840° C. Small crystals are more easily induced to burn than are larger ones ; according

to Petzholdt, small diamonds placed on platinum foil, heated from below with a blowpipe

flame, disappear in a very short time, the whole experiment occupying but a few minutes.

Diamond dust burns with greater ease and rapidity the greater its fineness ; thus powder of

an extreme degree of fineness, when heated on platinum foil over the flame of an ordinary

spirit-lamp, burns almost instantaneously with a brilliant glow. Whether in a finely

divided condition or not, diamond burns much more easily than does the other crystallised

modification of carbon, namely, graphite.

The oxidation of diamond powder, that is, its chemical union with oxygen, takes place

with comparative ease if it is mixed with saltpetre, and the mixture then fused. The

necessary oxygen is supplied by the decomposition of the saltpetre, and the diamond powder

is very quickly burnt up. Diamond powder is also easily oxidised when heated at 180° to

230° C. with a mixture of potassium Chromate and sulphuric acid. Diamond resists the

action of such powerful chemical reagents as caustic potash, hydrofluoric acid, concentrated

sulphuric acid, aqua regia (a mixture of hydrochloric and nitric acids), a mixture of sodium

chlorate and nitric acid, iodic acid, and other energetic solvents. Few other substances resist
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the action of these reagents in the way diamond does ; it will remain in them unaltered even

at high temperatures.

On examining a partially burnt crystal of diamond, it will be seen that its edges and

corners are more or less rounded, and that its faces are no longer brilliant but dull, rough,

and scarred. On crystals which are bounded by faces of the octahedron, special markings

are seen when such faces are examined with a lens or, better still, with a microscope. These

markings are regular triangular depressions like inverted pyramids, the bases being equilateral

triangles, of which the edges are in all cases parallel to the octahedral edges of the crystal,

as is shown in Fig. 31 r. The direction of these triangular pits is the reverse of that of the

natural depressions of diamond crystals, shown in Fig. 31 q, n, and o. Such pits may occur

singly on the face of the crystal, or they may be close together and in large numbers ; they

are of precisely the same character as etched or corrosion figures, such as may be produced

on the faces of other crystals by the action of fused alkalis, or of solvents such as water and

acid. These depressions may indeed in the present case be regarded as corrosion figures,

since they are produced by heating the diamond crystal in air or with saltpetre, the etching

agent being then hot oxygen gas or fused saltpetre. The production of etched figures is due

to the unequal action of the oxvgen over the surfaces of the crystal, the crystal being

attacked first at isolated points on the faces, where the material is slowly consumed.

As has been previously mentioned, a diamond heated away from contact with air

undergoes no diminution in weight. The experiment may be performed by packing the

diamond in charcoal powder in a closed crucible and heating it in an electric furnace. The
temperature may be as high as the furnace can produce, and may be maintained for any

length of time, yet the diamond will still remain unaltered in weight, since in the absence of

oxygen there can be no combustion of its substance. A prolonged exposure to great heat

does, however, produce other changes ; the surface of the diamond becomes blackened

and soft enough to leave a mark behind it when rubbed on paper. This is due to the

transformation to graphite of the surface material ; this change in state of the

substance of diamond to the other crystallised modification of carbon, namely graphite,

is however, brought about only when a verv high temperature is reached. According to

G. Rose, who specially investigated the point, a diamond heated out of contact with air

undergoes no change whatever when heated to the temperature at which cast-iron melts, nor

even when exposed to the fiercest heat of a porcelain furnace. At higher temperatures,

about that at which bar-steel melts, or in the electric furnace, a superficial blackening and

conversion into graphite begins ; if the exposure to the temperature is prolonged sufficiently,

this conversion proceeds until the whole of the substance of the diamond is changed into

graphite, the original external form of the crystal being, however, still retained.

The behaviour of diamond with respect to its alteration into graphite when heated

under other conditions, namely, in the presence of air, has not yet been thoroughly

investigated. While in some experiments no blackening, even at the highest temperatures,

has been observed, in others this phenomenon has been seen ; in these cases, however, the

blackening may have been due to a sooty coating derived from the burning material which

supplies the source of heat and not to the alteration of diamond into graphite. Many
observers, including Lavoisier, have noticed that black spots are formed on the surface of a

diamond undergoing combustion. When combustion is again allowed to proceed these

spots may disappear, or they may be still apparent at lower depths as the outer parts of the

stone slowly burn away. According to Rose, no alteration into graphite takes place when

a diamond is heated or burnt in a muffle or before the blowpipe, or perhaps even before the

oxyhydrogen flame. When placed in the focus of a concave mirror, however, or when
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subjected to electric sparking, such a change is observed, but in neither of these cases can the

blackening possibly be due to a sooty coating derived from the vapours of the source of heat.

It is stated by Jaquet that a diamond placed in the electric arc given by one hundred

Bunsen cells softens and becomes converted into a coke-like mass, the specific gravity of

which is 2 678, while that of the diamond experimented upon was 3*336. He observed

further, that whereas the material of diamond is a bad conductor of electricity, when converted

into coke or graphite it becomes a good conductor.

Similar observations have been made by Gassiot, who has stated that before

the alteration of diamond into a coke-like mass it softens and has the appearance of a

body about to melt. Other statements respecting the melting of diamond, or of appearances

referable to this change of state, are to be found in scientific literature. Berzelius reports

that he observed a bubble on the surface of a burning diamond, and Clarke saw bubbles

on the surface of a diamond when strongly heated in the oxyhydrogen flame. Other

observers, on the other hand, under exactly similar conditions, have failed to notice any

appearance of the kind, and in the absence of unanimous testimony it is still doubtful

whether diamond does really fuse at high temperatures. Observations of the kind quoted

are not altogether free from error ; the rounding of the edges and corners of a partly-

consumed diamond crystal would give it the appearance of having been fused ; the rounding

is, however, due to the fact that these prominent portions burn more rapidly than do the

faces. The Emperor Francis I. sought to obtain a large diamond by fusing together

several small ones ; the attempt was, however, a complete failure, and the diamonds were

burnt.

Probably the highest temperature to which diamond has been artificially subjected was

reached in the experiments of Despretz, who employed for the purpose the electric spark

given by five hundred to six hundred Bunsen cells. He reported that in the absence of air

the usual change into graphite took place, and that if the heating was sufficiently prolonged

beads of fused material were formed. Similar beads were also obtained from other varieties

of carbon, but it is possible that these consisted of the mineral residue fused into a hard

mass. If, however, this were the case, it would appear that the carbon had been volatilised,

since combustion could not have taken place. It is very desirable that the researches of

Despretz should be confirmed by further observation.

The whole of the substance of a perfectly colourless and transparent diamond is

converted, when exposed to sufficient heat, into carbon dioxide, and no residue whatever

remains behind. In the case of a deeply coloured or otherwise impure diamond combustion

is not so complete, a small amount of incombustible ash remaining behind after the

diamond has been converted into carbon dioxide. This residue consists of inorganic

impurities differing in chemical composition in different stones; these have been enclosed

in the diamond during its growth, and are the cause of the colour or cloudiness of the

stone.

This residual ash varies very considerably in amount in different stones. In the

purest stones it is almost imperceptible, while in less pure stones it varies from 20W to s^u

of the total weight (005 to 02 per cent.). The largest amount of ash, amounting to as

much as 4'2 per cent., is present in carbonado, a peculiar variety of black, porous diamond

found in Brazil. These impurities are often evenly distributed throughout the crystal.

Occasionally, however, they are collected together at one or more points, which then appear

coloured and cloudy, the surrounding portions being colourless and transparent. Such

impurities in the diamond are isolated during combustion, but are more or less altered in

character by the heat, sometimes being fused into beads, as mentioned above. The uniform
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distribution of impurities through the whole mass of the crystal is occasionally shown by the

incombustible residue remaining behind as a porous mass, and having the form of the

original diamond crystal.

The ash of the diamond is of a brownish colour. It contains some yellow flakes, and

sometimes a few black grains which are attracted by a magnet. Its precise character

depends, of course, upon the nature of the impurity in the diamond. Occasionally a few

small, transparent, crystalline grains are present in the ash which have an action on

polarised light ; these and kindred impurities require a microscope for their detection.

Chemical examinations of the ash of diamonds show that silica and iron oxide are invariable

constituents, while lime and magnesia appear also in certain cases. An analysis of the ash

of carbonado has given : silica 33*1 per cent., iron oxide 53*3, lime 13*2, and a trace of

magnesia.

The constituents of the ash of diamond are, as a rule, very finely divided and distributed

throughout the mass of the stone, the individual particles of the impurity not being

recognisable even under the strongest magnification. Particles of foreign matter are some-

times, however, large enough to be seen with a lens or even with the naked eye ; these

bodies, which are referred to as enclosures, are isolated grains, splinters, scales, plates,

needles, or fibres. They have definite sharp boundaries, and not infrequently are bounded

by plane crystal-faces ; they may occur in the diamond singly or in groups.

The nature and character of large enclosures is sometimes definitely known, but more

frequently this is not the case. A peculiar and rare occurrence is the enclosure of a small

diamond within a larger one, the two sometimes differing from each other both in crystalline

form and in colour. In some cases the smaller enclosed diamond is quite free from the

larger stone, and when the latter is cleaved open, the small enclosed stone falls out

uninjured and perfect. The most commonly occurring enclosures in diamond are small

black grains of irregular outline ; they occur in large numbers in diamonds from all

localities, and were formerly considered to consist of some carbonaceous substance. This,

however, is not always the case. The black enclosures found in a diamond from South

Africa by E. Cohen had the characters of haematite or ilmenite, and he is inclined to the

opinion that all such enclosures consist of one or other of these two minerals. Many of

these black grains are incombustible, and therefore inorganic ; but others, according to the

observations of Friedel, are consumed with the diamond, and hence must consist of some

carbonaceous substance. In a diamond from the Cape a black, viscous, asphalt-like mass

has been found, and similar enclosures have been reported in a few Indian crystals. Beside

the minerals already named, several others have been determined with more or less certainty

to occur as enclosures in diamond; these include, among others, quartz, topaz, rutile,

iron-pyrites, which occur in the form of irregular grains or sometimes as well-developed

crystals. Scales of gold have been found, though rarely, as enclosures in diamond crystals

from Brazil. Vermiform aggregates of green scales are sometimes observed ; these, however,

are differently interpreted by different observers : Des Cloizeaux considers them to be a

kind of chlorite, while Cohen regards the green scales in Cape diamonds as some copper

compound. Red enclosures are very occasionally met with in Cape diamonds ; they are of

unknown nature.

Special mention must be made of enclosures of very fine green needles and fibres

interwoven and matted into coil-like masses. In these and in aggregates of a similar kind,

the structure of plant cells has sometimes been supposed to have been recognised ; the

distinguished botanist, Göppert, indeed, held that such enclosures were undoubtedly of a

vegetable nature. It has since been proved, however, that they consist of inorganic
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material. There is no single case in which the vegetable nature of a diamond enclosure has
been conclusively proved, although the attention of botanists has been more than once
directed to this point.

All the minerals which have yet been mentioned as occurring as enclosures in diamond,
must have been formed before the diamond commenced its gradual growth around them.
There are other foreign bodies, however, which must have been introduced after the
formation of the diamond; thus, water containing iron in solution has sometimes
penetrated the cracks and fissures of a diamond, and has left a brown deposit of limonite

filling up the crack or fissure.

The enclosures of diamond do not invariably consist of solid matter. Not infrequently

there exist cavities in the substance of the diamond which may be vacuous or may contain

liquid ; these fluid enclosures are, however, usually of microscopic size. The liquid

they often contain does not, as a rule, completely fill the cavity, part of the space being

occupied by a bubble of gas, which is sometimes fixed in position and at other times

movable, thus clearly indicating the fluid nature of the contents of the cavity. In some
cases it can be safely inferred from the behaviour of the liquid when the diamond is heated

that it is liquid carbon dioxide ; this point will receive further consideration, however,

when we come to consider the origin of diamond. In other cases the properties of the

liquid point to its being water or a saline solution.

Other cavities in diamond are quite empty or only filled with gas ; like the fluid

enclosures these are by no means rare, and, when present at all, occur in large numbers.

When observed under the microscope they appear quite black, especially at the visible

margins ; this is owing to the fact that the rays of light travelling through the stone are

almost totally reflected at the surface of separation of the substance ofthe diamond and the

bubble of gas, they therefore fail to reach the eye and the cavity appears dark. This is a

fruitful source of error, for such appearances are liable to be mistaken for solid enclosures of

a black colour. Such mistakes may be avoided, however, by careful observation, for the

outline of cavities is usually rounded, while that of solid enclosures is irregular and

angular ; moreover, most cavities allow the passage of some light, at least in the centre

;

they will therefore appear to have a bright centre surrounded by a dark border, which

would not be the case with solid enclosures. The presence of these cavities is of practical

significance, since to them is due the cloudiness of the diamond, and those faults which have

been already considered under the name " silk." From a theoretical point of view, they will

no doubt help to throw light on the obscure question of the origin of diamond.

2. CRYSTALLINE FORM OF DIAMOND.

The diamond is one of the most perfectly crystallised of minerals. Almost every

single stone is bounded by more or less regularly developed faces. Massive specimens

without crystal-faces are scarcely ever found, and when such are met with they are, as a rule,

fragments of large crystals or rounded pebbles, of which the original external crystalline

form has been destroyed. As is usually the case with embedded crystals, that is, those

which have grown embedded in the mother-rock, most diamonds are bounded on all sides by

crystal-faces. Sometimes, however, irregular areas, by which the crystal might have been

attached, can be made out with more or less certainty.

The faces of diamond crystals differ from those of most other crystallised minerals, in

that they are, as a rule, much curved and rounded instead of being perfectly plane, as is

usually the case. This curvature is due to the mode of growth of the crystal, and not to

subsequent attrition, as might be thought. It renders the exact determination of a crystal,
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according to the methods of crystallography, very difficult, and for this reason many

questions regarding the crystallisation of diamond are still open to debate. In

what follows, the most important general crystallographic relations will be dealt with.

Fig. 31, a-i. Crystalline forms of diamond.

while special features peculiar to diamonds from particular localities will be mentioned

under the description of these localities.

Observations on the crystalline form of diamond date back to the beginning of the

seventeenth century, many diamond crystals having been described by Keppler, Steno, Boyle,

and others. Rome de lisle and Haiiy, the founders of scientific crystallography, were, at

the beginning of the nineteenth century, the first to correctly interpret the different forms,

and to determine the hemihedral development of the crystals. Great credit is also due to

Gustav Rose for his exhaustive study of diamond crystals made at a later date. The
results of his investigations were published in 1876 after his death by A. Sadebeck, who
added numerous observations of his own.

Crystals of diamond belong to the cubic system, and, according to the views of the

majority of mineralogists, to the tetrahedral-hemihedral division of this system. Certain
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peculiarities, however, render the hemihedrism of the crystals open to question, and some
authorities prefer to consider them as holohedral. All the typical simple forms of the cubic
system have been observed in diamond crystals, either alone or in combination with other

Fig. 31, k~s. Crystalline forms of diamond.

forms. Some of the more commonly occurring forms, which will be described in some

detail, are shown in Fig. 31, a-p.

Crystals having the form of a regular cube (Fig. 31 a) occur very frequently, but are

usually small ; this habit is specially characteristic of Brazilian crystals, and is rarely met

with in specimens from other localities, especially the Cape. The faces of the cube are

always dull and rough, and show a shallow depression, increasing in depth towards the

centre of the face. The roughness is due to the presence of square-based, pyramidal

depressions placed diagonally on the cube face ; these are usually small, but may be of

fair size. They occur more or less isolated or closely aggregated together (Fig. 31 a).

When observed with a lens or, better still, under the microscope, the pyramidal faces

bounding the shallow depressions may be distinctly seen ; they are marvellously plane and

smooth, but just as frequently rough and irregular, and between these two extremes all
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gradations have been found. Such a cube of diamond in its matrix is shown in Plate I.,

Fig. 1.

In most cubes of diamond, however, each edge is replaced by two faces, as shown in

Fig. 31 a ; the twenty-four faces thus derived, would, if produced or enlarged sufficiently,

give rise to the form known as the four-faced cube, or tetrakis-hexahedron. These faces

are, however, as a rule, small ; they are dull and uneven, and are irregularly striated per-

pendicularly to the cubic edges. Each face is often divided centrally by a narrow furrow,

running perpendicularly to the edge and towards the centre of the cube face ; this is

illustrated in Fig. 31 b, which shows one cubic face together with the four adjacent faces of

the four-faced cube. A crystal, bounded only by the twenty-four faces of the four-faced

cube and with no cube faces, is occasionally met with in diamonds from Brazil and India

;

the faces of this form are then bright, but always curved.

The cube is also frequently modified in ways other than by the replacement of its

edges. Not infrequently, for example, its eight corners are truncated by the eight faces of

the octahedron. Moreover, each of the twelve edges of the cube may be replaced by a

single plane face ; these twelve truncating faces, if extended, would give the form known as

the rhombic dodecahedron, which is of frequent occurrence, and is shown in Fig. 31 c and i.

Its faces are sometimes plane and striated parallel to the longer diagonal (Fig. 31 i) ; as a

rule, however, they are more or less curved, the lines of intersection of the faces being of

course also curved ; in this latter case the faces are not striated but are smooth and bright

(Fig. 31 c). These curved faces frequently have a shallow groove running across them in

the direction of the shorter diagonal, as indicated by the dotted line in Fig. 31 c ; the form

is then, strictly speaking, no longer a rhombic dodecahedron, but approaches to that of a

tetrakis-hexahedron. The largest Brazilian diamond yet found, and known as the " Star

of the South," is an irregularly developed rhombic dodecahedron ; it is shown in its rough

condition in Fig. 48. This form is frequently to be met with in Brazilian diamonds.

When the faces of the rhombic dodecahedron are grooved in the direction of the

longer diagonal as well as in that of the shorter (Fig. 31 d), we obtain a form known

as a hexakis-octahedron, bounded by forty-eight similar faces, which are always strongly

curved, smooth, and bright. The hexakis-octahedron, which is of extremely frequent

occurrence in diamond, approaches, as shown in Fig. 31 d, the form of the rhombic

dodecahedron ; at other times the same kind of form may approximate to the octahedron,

each of the eight octahedral faces being replaced by six faces. Hexakis-octahedral crystals

of the diamond are frequently much distorted by elongation in one direction, as shown in

Fig. 31 e, a still greater distortion of the same form being represented in Fig. 31 f. Such

distorted forms, which appear at a first glance to be quite distinct from that of Fig. 31 d,

on a closer examination will be seen to be easily derived from that form.

Both the rhombic dodecahedron and the hexakis-octahedron are sometimes, on account

of the strong curvature of their faces, almost spherical in shape. Formerly, when the

principal localities for diamond were Brazil and India, the spherical form was known as the

Brazilian type, and the octahedral form as the Indian type.

Occasionally, only half the faces of the hexakis-octahedron are developed, namely,

those occupying alternate octants. The hemihedral form so derived is that of the hexakis-

tetrahedron, shown in Fig. 31 k. The faces of this form, which is of rare occurrence, are

always curved, smooth, and bright. If the symmetry of the diamond is really tetrahedral-

hemihedral, the complete hexakis-octahedron may be regarded as a combination of two

hexakis-tetrahedral forms, but the faces in adjacent octants would then have different

surface characters, and this has not hitherto been observed.
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A regular or twin intergrowth between two hemihedral crystals frequently takes
place and results in the production of a holohedral form. The twin intergrowth of two
hexakis-tetrahedra gives rise to the twinned crystal, shown in Fig. 31 Z, in which for the
sake of clearness the edges are represented as straight instead of curved lines. The two
crystals interpenetrate at right angles, and the sharp corners, a (Fig. 31 fr), of one individual

project from the obtuse corners, b, of the other, the faces of the two interpenetrating
individuals thus forming re-entrant angles. The sharp projecting corners of such a group
are not always present, usually being truncated, as is indicated in the figure ; the truncating

faces of each individual belong to the tetrahedron, and are never curved but always per-

fectly plane. The truncation, shown in Fig. 31 /, is only slight, while that of Fig. 31 m,

is more pronounced. These eight truncating faces together complete the octahedron, the

faces of which are plane, as is shown in m and n of Fig. 31, while its edges are replaced by
re-entrant grooves, formed, as explained above, by the interpenetration of two hexakis-

tetrahedra. On observing the figures it will be seen that these grooves are striated in the

direction of their length. The size of the grooves depends on the degree to which the

corners of the hexakis-tetrahedra are truncated by the faces of the tetrahedra. When the

truncation is a maximum the grooves will be completely absent ; but an octahedron of

diamond in which such re-entrant grooves are not to be seen is a rarity. An octahedron of

diamond with the sharp edges of the geometrical form must be considered to be the same as

shown in Fig. 31, m and ?i, in which the truncation has quite obliterated the grooves ; in

other words, it is the limiting form of such twinned crystals.

This twin intergrowth is simpler when the two individuals are tetrahedra instead of

hexakis-tetrahedra, as in the case considered above. Such a twin-crystal is shown in Fig. 31 p,

where the projecting portions, removed by truncation, of the two interpenetrating

tetrahedra are represented by dotted lines. Here the grooves are quite straight, and of the

same width throughout, and they do not show the nick in the middle as in the previous

twinned form, in which also the grooves widen out away from this nick.

This simpler twinned form, consisting merely of two interpenetrating tetrahedra, is,

however, of very rare occurrence in diamond. On the other hand, the form consisting of

two interpenetrating hexakis-tetrahedra, as shown in Fig. 31 m, is very characteristic of

diamond, and is of frequent occurrence. This figure has therefore been drawn again in

Fig. 31 n, the dotted lines having been omitted and the characteristic markings on the

faces inserted. The small faces of the hexakis-tetrahedra, which form the re-entrant grooves

due to the twinning, are alwavs somewhat curved and exhibit a delicate striation in the

direction of their length. A slightly different form of such an interpenetrating twin of

octahedral habit is shown in Fig. 31 o ; this also is a frequently observed form of diamond

crystal. Here the edges of the octahedron have, in place of grooves, two small planes

meeting at a very obtuse angle in a short edge at the middle of, and perpendicular to, the

octahedral edge ; and away from this short edge formed by their mutual intersection they

gradually widen out. These small planes are curved and finely striated, as shown in the

figure, the octahedral planes being as before perfectly plane.

The twinned forms just described (Figs. 31 w, n, o,p 9 ) are very characteristic of diamond,

and they constitute the octahedral or Indian type. Crystals of this kind, of which one in

its matrix is represented in Plate I., Fig. 2, are sometimes known in the trade as "points."

It has already been pointed out above that while the faces of the rhombic dodecahedron

and of the hexakis-octahedron show a convex curvature, those of the octahedron are plane

and even. The octahedral faces are, however, characterised by the presence of striatums

and pits, both of which are repeated on the surface with definite regularity and have a
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definite orientation. The striations are parallel to the symmetrical six-sided outline of the

octahedral faces, as shown in Fig. 31 o, for the whole crystal, and in Fig. 31 s, for a single

face. They may be either coarse or fine in character, and may be present in small or large

numbers. The portions of the face of the octahedron between the striations are often very

smooth and bright. These striations are due to the fact that the octahedral face is raised

by very low steps towards its centre, each step having the same sharp outline as the margin

of the octahedral face itself. It is as if numerous very thin plates, all of the same shape

but gradually diminishing in size, had been piled, with their centres exactly superposed, on

the octahedral face, so that each layer forms a step, and so a line of the striation.

The triangular pits are regular pyramidal depressions, of which the bases are equilateral

triangles. They are usually small and often only to be seen distinctly under the microscope.

The pyramidal faces inside the pits are finely striated and may terminate in the apex of the

pyramid, as shown at a in Fig. 31 q ; or they may not extend to such a depth into the

interior of the crystal, the apex of the pyramid being then truncated by a triangular face

parallel to the face of the octahedron, as at b, Fig. 31 q. Sometimes on this inner face

there is a smaller pyramidal depression as at c, Fig. 31 q. These depressions are of the

same general character as those produced on the octahedral faces of a diamond during its

combustion ; but while the corners of the pits of natural origin are adjacent to the octahedral

edges (Fig. 31 n, o, q), this position is occupied by the sides of the pits produced by etching

(Fig. 31 r) ; thus the two positions are the reverse of each other. The pits occur singly or

in large numbers, and the striations may or may not be also present on the same face

(Fig. 31 o, n).

Beside, the twin-crystals formed by the interpenetration of two hemihedral crystals,

illustrated in Fig. 31, I to p, diamond presents still another type of twin-crystal, which is

illustrated in Fig. 31, g to i. Here two octahedral or rhombic dodecahedral crystals are

united together along a face of the octahedron. Fig. 31 g, shows two octahedra symmetri-

cally united in this manner, the two individuals having one octahedral face in common.

This kind of twin-growth is frequent in diamond but still more so in the mineral spinel, so

that the law which governs this kind of twinning is referred to as the spinel twin-law. At
the line of junction of the two individuals, three re-entrant angles alternate with the same

number of salient angles. These spinel twins of diamond, which are known to the diamond-

cutters of Amsterdam as " naadsteenen " (suture-stones), are very frequently flattened in a

direction perpendicular to the common octahedral plane ; they are, indeed, sometimes

reduced to mere thin plates, but the faces and edges always have the surface characters

described above.

Very frequently two rhombic dodecahedra or two hexakis-octahedra are twinned

according to the same law on a face of the octahedron ; that is, the two individuals have a

face in common which occupies the position of an octahedral face, and about which they are

symmetrical. These twin-growths also are much compressed in a direction perpendicular to

the twin-plane ; this is illustrated in Fig. 31 h, which represents a lenticular or heart-

shaped crystal with curved faces. In this crystal only six faces of each of the hexakis-

octahedra are developed, and these form low six-sided pyramids with a common base parallel

to the six-sided octahedral face shown in the figure.

Fig. 31 i represents another kind of twin growth of rarer occurrence, in which the

crystal has the form of a rhombic dodecahedron (Fig. 31 c). Parallel to one or more of the

possible faces of the octahedron, which if present would truncate the corners in which three

edges meet, are very thin lamellae in twin positions to the main crystal. Large numbers

of these twin-lamellae may be present, and give rise to striations on the faces of the crystal.
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Striations due to the same cause may also be present on the faces of the hexakis-octahedron,

where, as before, they are parallel to one or other of the octahedral faces.

All these twin-groupings are quite regular and conform to certain definite crystallo-

graphy laws. Other intergrowths of two or more diamond crystals may be met with, in

which the grouping is irregular and accidental, and cannot be referred to any general rule,

the relative positions of individual crystals being determined by chance. In such inter-

growths may be found small crystals growing singly on a larger one, or several crystals of

more or less equal size may be united in an irregular group. Such groups are unsuitable for

cutting as gems and are usually devoted to technical purposes ; the same is true to a certain

extent in the case of the twinned crystals above described. Irregular groupings of diamond

crystals may, in a crystallographic sense, be referred to as bort ; in the technical sense,

however, the term bort includes all stones which, from some reason or another, are unfit for

use as gems ; and this term is even applied to simple crystals disfigured by some serious

fault, such as imperfect transparency, bad colour, &c.

Bort occurs in a peculiar spherical form, being built up of a large number of small

crystals radially arranged, so that the whole group takes the shape of a more or less perfect

sphere (Plate I., Fig. 3). Numerous small points project from the surface of the sphere,

these being the corners of the individual crystals which form the group. These spheres of

bort are found in all diamond mines to the extent of from two to ten per cent, of the total

output. Not infrequently only the outer shell of the sphere has the radially fibrous

character just described, the central portion being occupied by a large, regularly-formed

single crystal, which is usually so loosely attached to the radially crystalline shell that it

falls out when the latter is broken.

Massive diamond with a granular crystalline structure and a black colour is known as

carbonado or "carbonate'1

(Plate I., Fig. 4). Since it is applied to technical purposes

only, it may be regarded in this sense as bort. It is found almost exclusively in the State of

Bahia in Brazil ; its characters will be further described when the occurrence of diamonds at

this locality is under consideration.

Size of diamond crystals.—The size of diamond crystals varies between somewhat

wide limits. The smallest which come into the market sometimes measure less than a

millimetre in diameter, but still smaller specimens occur in nature. Small stones, measuring

not more than one-quarter or one-third of a millimetre along the edge may be separated

from a parcel of Brazilian diamonds by sifting with a sieve of fine mesh ; the majority of

these are octahedra, while cubes and rhombic dodecahedra are but rarely present. The

faces of these very small crystals have the same surface characters as those of the larger

crystals. By carefully washing for diamonds on the Cape diamond-fields, it is possible to

obtain many stones very much smaller than those which usually come into the market, some

indeed weighing no more than ^ carat. In the method of washing formerly practised at the

Cape and also in Brazil, a large number of the smallest diamonds were lost, their value not

being sufficient to justify a special collection of them ; the improved washing machinery now

in use is, however, capable of saving all the stones however small.

Stones of microscopic dimensions have only recently been observed ; previous statements

of supposed occurrences, such, for example, as their presence in the xanthophyllite of Zlatoust

in the Urals, being based on errors of determination. Microscopic diamonds have now been

observed in large numbers in the diamond-bearing rock of the Cape, and there is no reason

to doubt that they are present in other diamantiferous deposits.

Smaller diamonds occur in larger number ; larger stones are more limited in number

.

while very large specimens are so extremely rare and valuable that they are known by
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special and distinctive names, and in most cases form part of the crown jewels of various

countries ; these famous stones will be described further on in a special section.

The average size of diamonds found in different countries varies very considerably ;

formerly, when India and Brazil were the only localities at which diamonds were known to

exist, stones exceeding twenty carats in weight were of great rarity. During the most

productive period of the mines of Brazil, two or three years would elapse before a second

stone of this size would be found, while very few stones exceeding one hundred carats in

weight were ever found. The largest stone ever found in this locality, that known as the

" Star of the South " (Fig. 48), weighed in the rough 254J carats. The " Braganza," of the

Portuguese crown, said to weigh 1680 carats, would rank as the largest diamond ever found

500 Carats

1000 Carats.
lCarat.

Fig. 32. Actual sizes of octahedral crystals of diamond of 1 to 1000 carats.

in any locality were it indisputably a diamond ; the probabilities are, however, that it is a

fine piece of colourless topaz.

The chances of obtaining large diamonds in the Indian deposits were more favourable,

a considerable number of diamonds exceeding one hundred carats in weight having been

found there. Most of the large Indian diamonds are only known in their cut condition so

that their original weight can only be estimated. Of large Indian diamonds, known in the

rough condition in recent times, the "Regent" in the French crown jewels, is the heaviest;

it weighed before cutting 410 carats, and produced a beautiful brilliant of 136f-§- carats.

Other large Indian stones are described below in the section on famous diamonds ; they are

comparatively few in number. The heaviest of the large diamonds of ancient times is known

as the " Great Mogul," which is said to have originally weighed 787J carats ; there is no

authentic information, however, either as to its weight or to its present whereabouts. The
island of Borneo has produced one or two large stones ; the largest reported diamond,

weighing 367 carats, is, however, like the " Braganza,
1

"
1

almost certainly not diamond, and

probably nothing more valuable than a piece of rock-crystal.
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Since the discovery of the South African diamond-fields, large diamonds have become
less rare

;
as we shall see later on, stones up to 150 carats in weight have been found there

with comparative frequency, while not a few of several hundred carats have been met with.
The largest undoubtedly genuine diamond ever discovered, either here or elsewhere, was
found at the Cape, in 1893, and weighed 971 f carats ; a more detailed description with a
figure (Fig. 51) of this stone will be given later. Probably the largest crystal of diamond
to be seen in a public collection is the " Colenso " diamond, presented to the British

Museum by Professor John Ruskin ; this is a symmetrically developed octahedron weighing
129§ carats.

It has been already stated that the size of diamonds, as of all other precious stones, is

estimated from their weight expressed in carats. It will be, however, difficult for the
general reader to form a correct mental conception of the size of a given stone from its

weight in carats alone ; hence Fig. 32 is designed to show the actual sizes of diamonds
weighing 1, 10, 100, 500, and 1000 carats respectively, each having the form of a regular

octahedron, which is the form most frequently presented by crystals of diamond. In the

special section devoted to the consideration of the larger and more famous diamonds, figures

are given representing the actual sizes of these stones, usually in their cut form (Plates X.
and XI.), but in a few cases in their rough form. Plate IX. gives the actual sizes of

brilliants varying in weight between one and one hundred carats, and Fig. 44 the actual

sizes of rosettes, varying between one and fifty carats.

3. SPECIFIC GRAVITY OP DIAMOND.

The specific gravity of diamond as determined by various observers varies between

3.3 and 3*7. Reliable determinations made on pure stones free from enclosures have,

however, in every case yielded values not lower than 3*50 and not much higher than this ;

the mean value may, therefore, be placed at 3*52. The following are values obtained in

particular instances by careful observers using pure material

:

3-50 —3-53 (Dumas).
3*524 Brazilian diamond (Damour).

3*520 — 3524 Colourless and yellow diamond from the Cape (von Baumhauer).

3*517 Brazilian diamond (J. N. Fuchs).

3*529 " Star of the South " from Brazil (Halphen).

3-5213 "Florentine" (Schrauf).

3*50 Diamond from Burrandong, New South Wales (Liversidge).

3-492 Colourless diamond from Borneo (Grailich).

The fall of the last value below 35, is due to the attachment of a few air bubbles to

the stone during the weighing in water.

The small differences in the specific gravity values given in the above table are probably

due to the presence of various impurities. Since coloured diamonds always contain a small

amount of impurity, the specific gravity will vary with the colour, as is shown in the table

below :

Sp. gr.

Colourless diamond . . ... 3'521

Green ,,
.....•• 3-524

Blue „ . . .... 3-525

Rose
,,

3*531

Orange „
3-550

Other values sometimes given are: colourless diamond 3*519, light yellow and green
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3521 ; for colourless Cape diamonds 3*520, and for yellow diamonds from the same locality

3-524.

Determinations which give results much above or much below the mean value of the

specific gravity of diamond, namely, 3\52, and specially those which approximate to the

extreme values, 3'5 and 3*7, must be regarded either as inaccurate or as having been made

on impure material.

Black carbonado has a much lower specific gravity than pure crystals of diamond,

values ranging from 3'141 to 3'416 having been determined. This is due to the porous

nature of the material, the numerous air spaces enclosed in its substance causing it to be

lighter, bulk for bulk, than are crystals of diamond.

4. CLEAVAGE OP DIAMOND.

When a diamond crystal is broken on an anvil by a blow from a hammer, or when it is

subjected to sudden changes of temperature, it breaks into a number of fragments which

are usually bounded by perfectly plane and bright surfaces. These surfaces of separation,

or cleavage, will be found to have always a definite direction in the crystal, being parallel to

one or more faces of the octahedron. If a chisel be driven into an octahedron of diamond

in a direction parallel to an octahedral face the crystal will be divided into two portions,

and the smooth, bright surfaces of separation will be parallel to the same octahedral face.

By suitably varying the position of the chisel, the crystal may be divided in the same way

into two other portions of which the surfaces of separation will be parallel to any other of

the faces of the octahedron. It is not possible, however, to produce a cleavage in a cube of

diamond which shall be parallel to the faces of the cube ; in these directions there will be

irregular fractured surfaces only. If the chisel is so placed that a corner of the cube is

removed, a cleavage surface will be produced, this being as before parallel to a face of the

octahedron, the faces of which also truncate the corners of the cube in the natural crystals.

The cleavage surfaces of all crystals of diamond, whatever be their outward form, are always

parallel to the faces of the octahedron, and in no other direction can plane cleavage surfaces

be obtained. Diamond thus possesses an octahedral cleavage only, which is perfect and

obtained with the greatest ease ; this gem may indeed be regarded as one of the most

perfectly cleavable of minerals.

This perfect cleavage with plane even surfaces throughout can, however, be obtained

only in simple crystals. When we are dealing with an intergrowth of two or more crystals

twinned according to the spinel-law (Fig. 31, g to i) or irregularly grouped together, the

cleavage surfaces will have different directions in each individual, and will not pass uninter-

ruptedly from side to side of the stone as in simple crystals ; it is thus impossible to divide

such a stone by a single cleavage surface.

From every simple diamond crystal, no matter what may be its external crystalline

form, there may be obtained by cleaving parallel to all the octahedral faces a cleavage

fragment having the form of an octahedron (Fig. 32). The great importance of this

property of cleavage in connection with the faceting of diamonds has already been touched

upon, and will be again referred to under the special description of the process of diamond
cutting. The property of perfect cleavage is not, however, a desirable one from every point

of view, for it is often responsible for the appearance of incipient cracks in the stone, which,

if they further develop, seriously diminish its value.
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5. HARDNESS OP DIAMOND.

In respect to its hardness, diamond stands alone among all other substances, whether

natural or artificial. The hardness possessed by some artificial substances, such, for example,

as crystallised boron and carborundum, does, however, approach that of diamond. This

gem stands at the head of Moris' scale, and receives the number 10 as a measure of its

hardness. Between this and the next hardest natural substance, namely corundum (ruby

and sapphire), there is a wide gap, the difference in hardness between diamond and

corundum being far greater than that which exists between corundum and talc, the softest

of all minerals. The unique degree of hardness thus possessed by diamond renders it easily

recognisable, since it scratches all other substances without exception, and is itself scratched

by none.

It is a remarkable fact that degrees of hardness exist in diamonds among themselves,

this being shown by the fact that diamonds from one locality are capable of scratching

those from other localities. Thus the Australian stones are harder than those from South

Africa, which are said to be the softest of all diamonds ; and the beautiful black diamonds

of Borneo are harder than those of other colours. It is also remarkable that many South

African diamonds gradually assume their characteristic hardness only after a more or less

prolonged exposure to air.

Diamond forms no exception to the general rule that the hardness of a crystal is not

everywhere the same. It has been observed that the powder obtained by rubbing the

surface of diamond crystals in the operation of bruting, which will be described in the

section on diamond cutting, is more efficacious in the process of grinding than is the powder

obtained by pounding up large fragments of diamond. It may naturally be inferred from

this, that diamond crystals must be- harder on the exterior than in the interior. On the

surface itself, however, differences in hardness are distinctly perceptible, some faces of the

crystal being more easily scratched than others, while on each face there are certain

directions along which scratching may be more readily effected than in others. This being

so, it follows that the process of grinding will also be more difficult in certain directions and

on certain parts of the stone than in others. This subject will, however, be treated more

fully in the section devoted to diamond cutting.

The great degree of hardness possessed by diamond renders it exceptionally suitable for

use in personal ornament, since the sharpness of the edges and corners of the cut stone and

the lustre of the polished facets are retained in spite of long continued wear.

Several important technical applications of diamond depend on the enormous hardness

it possesses ; these will be fully discussed in a special section, and we need only mention

here the use of diamond powder in the cutting of the harder precious stones and of diamond

itself. The hard Australian diamonds, however, are unattacked by the powder of other

softer diamonds, they can only be worked by the help of their own powder.

In spite of their enormous hardness, the diamond crystals found in river-sands and

gravels often show signs of wear and tear, their edges and corners being rounded and their

surfaces dull and roughened. This has been effected by long ages of grinding against the

pebbles and quartz-grains, and occasionally the precious stones of river-sands and gravels

;

thus even diamond itself cannot escape the action of time.

The hardness of diamond has often been confused with its frangibility or brittleness.

It has been supposed, especially in ancient and mediaeval times, that hammer and anvil

may be shattered but not the diamond which lies between. This statement was made by

Pliny, the great naturalist of ancient days, who was killed in 79 a.d. at the first historic
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eruption of Vesuvius. He proceeded to say further that the fragmentation of a diamond

may be effected by subjecting it to a preliminary immersion in the warm blood of a goat,

but that even under these circumstances the hammer and anvil will also be broken !

According to Albertus Magnus (1205-1280), the blood is more efficacious if the goat has

previously drunk wine or eaten parsley !

Such being the views then held respecting the unbreakable and indestructible character

of the diamond, it is easy to understand why the Greek word adamas, signifying unconquer-

able, should have been applied to this stone, although its application to the diamond is

singularly inappropriate and inaccurate when its extreme frangibility is considered. Many
a doubtful stone has been submitted to the test of the hammer, with the belief that the

blow would be resisted only if the stone were a genuine diamond. Probablv many beautiful

stones have been sacrificed to this old belief. As a matter of fact, diamond is easily

fractured, a very moderate blow from a hammer sufficing for the purpose ; its perfect

cleavage places it among the most brittle of minerals.

6. OPTICAL CHARACTERS OF DIAMOND.

Transparency.— In its pure condition diamond is most beautifully clear and

transparent ; the presence of enclosures of foreign matter, however, often diminishes the

natural transparency of the stone, in some cases causing almost complete opacity. Dark

coloured diamonds, especially brown and black specimens, are frequently transparent only at

their edges, and black diamonds are often completely opaque. The transparency of a crystal

depends also upon the condition of its surface ; if this should be roughened, as will be the

case after a prolonged rolling about on the bed of a river, the stone will appear dull and

cloudy, although its interior may be perfectly transparent, as is evident when the rough

surfaces have been removed by cutting.

On the degree of transparency depends largely the quality known as the water of a

diamond. A stone which is perfectly transparent, colourless, and free from all faults is

described as a diamond of the first or purest water. A small degree of cloudiness in a

diamond does not entirely unfit it for use as a gem ; when, however, the cloudiness exceeds

a certain amount the stone can be applied only to technical purposes.

Lustre.—The lustre on the smooth face of a diamond, beside being extraordinarily

strong and brilliant, is very peculiar in character and is intermediate between the lustre of

glass and that of metal. Being characteristic of diamond, it is known as adamantine lustre,

and is shown by very few minerals and by still fewer precious stones. It is therefore

possible after a little practice to readily distinguish diamond from other transparent

substances, such as glass, rock-crystal, &c, by the character of the lustre alone. As we

have already seen, however, there is an artificial glass known as strass, which possesses an

adamantine lustre and which is therefore much used in the manufacture of imitation

diamonds.

Adamantine lustre is frequently absent from the natural faces of diamond crystals

especially after they have become dulled by friction in a river-bed. In such cases, the stone

has a peculiar lead-grey metallic appearance, similar to that which is artificially produced

by bruting, an operation in the process of diamond cutting which consists of the rubbing

together of two diamonds with the object of obtaining an approximation to the form they

are finally to assume. Adamantine lustre is seen to perfection on the polished facets of a

cut diamond, since here the incident light is reflected quite regularly. The lustre of

diamonds which are dark coloured, and therefore have little transparency, approaches that
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of metals. The same metallic lustre is seen on the facets of a perfectly transparent stone
when light falls upon it at a very small inclination, the light being reflected from the facet
in such a way that the latter has the appearance of highly polished steel. This phenomenon
can be observed by placing the stone with a perfectly smooth facet close to the eye and
inclining it towards the light, until, in a certain position, the metallic reflection becomes
evident.

Perfect adamantine lustre, in all bodies which possess it, is combined with perfect
transparency, very strong refraction, and marked dispersion of light. All substances
including diamond itself, which possess adamantine lustre are thus also characterised by
strong refraction and dispersion of light ; and, conversely, all substances possessing the two
latter qualities will be found to exhibit adamantine lustre Not only the quality but the
intensity of the lustre shown by a stone depends upon the strength of its refraction of light

;

light rays falling obliquely upon the surface of a stone will be the more completely reflected

the higher its index of refraction is. Thus diamond, having a higher index of refraction,

will reflect more rays of light from its surface, and will therefore show a stronger lustre than
will a substance having a lower index of refraction. The qualities of lustre and brilliancy

are known collectively as the " fire " of a stone. It will be evident from what has been
said that the " fire " of diamond is specially fine.

Refraction of light.—Diamond, like all other substances which crystallise in the

cubic system, is singly refracting. A ray of light incident obliquely upon the plane face

of a diamond is propagated in the substance of the stone as a single ray, the direction of

which, however, differs from that of its path in the surrounding medium. This difference

is, in diamond, very considerable, much more than in the majority of other substances;

in other words, the index of refraction of diamond is very high.

The power of breaking up white light into its constituent colours, that is, the

dispersion, possessed by diamond is likewise very marked. The blue rays of light

undergo a much greater refraction when passing into diamond than do the red rays;

hence the spectrum produced by a prism of diamond is very long, the red and blue ends

being widely separated. The various colours into which white light, in passing through

a cut diamond, is broken up are widely separated and distinctly perceptible; hence the

beautiful play of brilliant, prismatic colours upon which so much of the beauty of diamond

depends, and which differentiates it so markedly from other colourless stones, such as

rock -crystal, topaz, colourless sapphire, &c, which have a lower dispersion and consequently

a less beautiful play of colours. This subject has, however, been fully dealt with above

in the section devoted to the consideration of the passage of light through a cut stone.

The action of every diamond upon light is not absolutely identical. A satisfactory

explanation of the small differences which exist cannot, however, at present be given. The

fact that one stone has a finer appearance than another is probably due to slight differences

between them in the refractive index and in dispersive power. In respect of play of

prismatic colours Indian diamonds rank highest. Next to these we may place Brazilian

stones from the district of Diamantina in the State of Minas Geraes, and from the

Canavieiras mines in the State of Bahia. Relatively inferior to these, but yet with a

fine play of prismatic colours, are the majority of Cape diamonds. It is a remarkable fact

that in many cases diamonds from the Cape and from Canavieiras exhibit a finer play of

prismatic colours in artificial light than in daylight, which is the reverse of what is usually

the case.

The refractive power and the dispersion of diamond are both given by the values of

the refractive indices for different coloured rays. These values give the strength of
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refraction directly, and the difference between the refractive index for red and that for

violet rajs is a measure of the dispersion. A comparison of the following determinations

by Walter, with similar constants for other precious stones, will show that the refraction

and dispersion of diamond are in all cases the greater :

n

Bed light (B line of the spectrum) .... 2-40735

Yellow „ (£> „ „ ) .... 2-41734

Green „ (E „).... 2-42694

Violet „ (H „ ) .... 2-46476

The dispersion co-efficient is thus

—

246476 - 2-40735 = 005741.

For comparison, the following values of the refractive indices of a particular glass may
be given

:

n

Red light 1-524312

Yellow „ 1-527982

Green , 1-531372

Yiolet „ 1-544684

The dispersion co-efficient is here

—

1-544684 - 1-524312 = 0-020372,

less than half as great as that of diamond. The spectrum produced by a prism of this

glass will be only about half as long as one produced by a similar prism of diamond under

the same conditions.

Anomalous double refraction. — Diamond, being crystallised in the cubic

system, should be singly refracting, that is, isotropic. This, however, is only strictly true

for such stones as are perfectly colourless, or of a yellowish colour, and are quite free from

enclosures of foreign matter, cracks, and other flaws. Such faultless stones when rotated

in the dark field of the polariscope remain dark. As previously mentioned, the stone under

examination should be immersed in methylene iodide, so as to diminish total reflection as

far as possible.

Deeply-coloured stones, and those disfigured by cracks, enclosures, or other faults,

when placed in the dark field of the polariscope, allow the passage of light to the eye, but,

as a rule, to only a small extent. They have, under these circumstances, a greyish

appearance, brilliant polarisation colours being rarely seen. The feeble double refraction

possessed by such stones is not an essential character of the substance of the diamond

itself, but is due to disturbing influences ; hence it is distinguished as anomalous double

refraction. During its rotation in the polariscope it rarely happens that such a stone is

uniformly dark or uniformly light over its whole surface; as a rule, certain areas are dark

while others are light, and vice versa. Frequently certain regularly bounded areas or

fields behave in a similar manner during rotation, while adjacent fields behave differently.

In most cases, however, the areas showing these differences in behaviour have no definite

arrangement relative to each other, and areas showing a feeble double refraction are often

enclosed in areas which are perfectly isotropic.

The doubly refracting portions of the stone usually surround enclosures or cracks, and

it is in the immediate vicinity of these that double refraction is strongest and the

polarisation colours most brilliant. As the distance from a flaw of this kind increases

the double refraction becomes feebler, and at a certain distance disappears. Sometimes

a black cross, the arms of which consist of two dark brushes, is seen when a stone is.
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examined in the polariscope : the arms of the cross are mutually perpendicular and their

point of intersection coincides with an enclosure in the diamond. It is clear that such an
appearance is due to a strain in the diamond brought about by the presence of the

enclosure, and that the strain will be less in portions further removed from the enclosure.

Although the anomalous double refraction of diamond is, as a rule, but feeble, stones

exist in which it is comparatively strong, and which show much brighter polarisation colours.

This is the case in the " smoky stones" of South Africa, which, because of the great internal

strain in their substance, have a tendency to fall to powder for no apparent reason. A
parallel case is that of the drops of glass known as " Prince Rupert's drops," which also show
strong double refraction as a consequence of internal strain.

There is never the slightest danger of confusing anomalous with true double refraction,

for a mineral with true double refraction, such for example as rock-crystal, colourless sapphire

or topaz, will appear much more brilliantly illuminated when examined in the polariscope,

and, moreover, will be uniformly light or uniformly dark over its whole surface.

Colour.—Diamond is often regarded as the type of what a perfectly clear, colourless,

and transparent stone should be. It can by no means, however, be always so regarded, since

cloudy and opaque diamonds are actually more common than those which are clear and

transparent, while very great variety in colour is found in this mineral. A great number of

diamonds are indeed perfectly colourless, and correspond strictly to the popular conception

of the stone ; this number is, however, only one-fourth of the total number of diamonds

found ; another quarter show a very light shade of colour, while the remainder, at least

one-half of the total, are more or less deeply coloured.

Perfectly colourless diamonds are, at the same time, most free from impurity.

Absolutely pure carbon, crystallised in the form of diamond, shows no trace of colour

whatever, and stones of this purity are naturally highly prized. A peculiar steel-blue

appearance is sometimes observed in stones which combine absence of colour with perfect

transparency. With the exception of a few specially beautifully coloured stones of great

rarity, these blve-white diamonds are the most highly prized of all ; they are not of great

rarity in India and Brazil, but occur in South Africa with far less frequency.

Any colouring-matter intermixed with the substance of a diamond imparts its colour

to the stone, the tone of which will be faint when the pigment is present in small amount

and deeper when it is present in greater amount. In all cases the amount of colouring-

matter relative to the mass of the stone is extremely small.

Investigations into the precise nature of the various colouring-matters present in

diamonds have seldom been undertaken on account of their difficulty and expense. There

can be no doubt, however, that the colouring-matter of many diamonds is of an organic

nature, possibly some one or other of the hydrocarbons; in other cases the pigment is

probably inorganic material in an extremely fine state of division. We have already seen

that coloured diamonds contain a small amount of ferruginous material which remains

behind as an incombustible ash after the diamond is burnt away, and that with colourless

diamonds this is not the case. There seems sufficient grounds here for the inference that in

such cases the colour of the stone is due to the inorganic, incombustible, enclosed material,

especially as the colour is neither altered nor destroyed after exposure to high temperature,

which would be the case were it organic in nature. In the few recorded cases in which a

change of colour has been observed on strongly heating the stone, there can be no doubt as

to the organic nature of the colouring-matter.

The colouring of many diamonds is so faint that an unpractised observer, unless he is

able to compare such a stone with an absolutely colourless diamond or to place it against a
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background of pure white, will fail to recognise that the stone is coloured at all. The

practised eye of the diamond merchant, however, needs no such assistance in recognising the

most faintly coloured stones. Such stones are rather lower in value than absolutely

colourless specimens of the same clearness and transparency, but the difference in

price is not very considerable. The shades of colour which appear most frequently

are light yellow, grey, and green. A faintly yellow diamond is not observable as

such in any artificial illumination other than the electric light, and then appears

to be a colourless stone. Diamonds of a faint bluish tinge are known, but are much

less common.

As mentioned above, diamonds showing a pronounced colouration constitute about

one-half of the total output. Almost all the colours of the mineral kingdom may be

represented in numerous and varied tints, so that the suite of colours of the diamond

is very extensive. A magnificent collection of differently coloured diamonds, the most

beautiful and the richest in existence, is preserved in the treasury of the royal palace at Vienna.

It was brought together by Helmreichen, who spent many years in Brazil, and was so enabled

to make the series very complete. The colour which occurs most frequently in diamonds is

yellow, in various shades, such as citron-yellow, wine-yellow, brass-yellow, ochre-yellow, and

honey-yellow, but sulphur-yellow has not as yet been observed. Most of the Cape diamonds

are coloured with one or other of these tints of yellow. After yellow, gre m is the most

commonly occurring colour, especially in Brazilian diamonds. Oil-green or yellowish-green

is seen most frequently, then pale green, leek-green, asparagus-green, pistachio-green, olive-

green, siskin-green, emerald-green, bluish-green and greyish-green. Brown diamonds are

also common at all localities; the different shades are light-brown, coffee-brown, clove-

brown, and reddish-brown. Shades of grey, such as pale grey, ash-grey, smoke-grey, are not

rare. Black diamonds in well-formed crvstals are unusual. The different shades of red, a

colour which is rarely met with in diamonds, are lilac-red, rose-red, peach-blossom-red,

cherry-red, hyacinth-red. Blue in its two shades, dark blue and pale sapphire-blue, is the

rarest of all colours to be met with in diamonds.

The colouring of diamonds is seldom intense, pale colours being much more usual than

deeper shades. Diamonds which combine great depth and beauty of colour, with perfect

transparency, are objects of unsurpassable beauty ; for, in addition to their fine colour, they

possess the wonderful lustre and brilliant play of prismatic colours peculiar to the diamond,

so that other finely-coloured stones, such as ruby and sapphire, are not to be compared with

them. Only a few stones of this description are in existence ; they are among the most

highly-prized of costly gems.

Of such deeply coloured and perfectly transparent diamonds, bright or deep yellow
specimens are, since the discovery of the South African diamond-fields, the least rarely met

with. The largest of these yellow Cape diamonds is shown in Fig. 52; it is a beautiful

orange-yellow brilliant, weighing 125f carats, and is in the possession of Tiffany and Co., the

New York firm of jewellers. A few fine yellow stones dating back to ancient times are

preserved in the " Green Vaults " at Dresden.

Diamonds of a fine green colour are distinctly rare, only a few examples being known;

the same may be said of red diamonds and, even more emphatically, of blue diamonds. The
most beautiful green diamond known is a transparent brilliant weighing 48^ carats, preserved

in the " Green Vaults " at Dresden ; it will be again mentioned in the section devoted to

famous diamonds. Another green diamond of the same quality is now in America. Tschudi

mentions two beautiful specimens from Brazil, one of an emerald-green and the other of

a sea-green colour, while the existence of other Brazilian stones with a colour very similar to
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that of the yellowish-green of uranium glass, but inclining more to yellow, is mentioned by
Boutan.

The ten-carat ruby-red stone, which belonged to Czar Paul I. of Russia, and which
is said to be still preserved with the Russian crown jewels, is often mentioned as an
example of a red diamond ; nothing more definite concerning it is, however, known. A
better authenticated example is the " Red Halphen " diamond, a ruby-red brilliant weighing
one carat ; while recently Streeter has reported the discovery of a beautiful red stone in

Borneo, and its sale in Paris. Several examples of beautifully transparent rose-red diamonds
are known ; such, for instance, as that of the fifteen-carat stone belonging to the Prince of

Riccia, a few smaller specimens in the treasury at Dresden, and a thirty-two-carat stone, the

most beautiful rose-red known, in the treasury of Vienna. A rose-coloured brilliant, called

the " Fleur de pecher," is among the French crown jewels, and Tschudi mentions a peach-

blossom-red stone from the Rio do Bagagem, in Minas Geraes, Brazil.

Blue diamonds are the rarest of all. A magnificent blue brilliant of 44| carats, the

" pearl of coloured diamonds," was formerly in the possession of Mr. Hope, a London

banker. It is probably a portion of Tavernier's blue diamond of 67| carats, stolen in 1792

with the French crown jewels. A small diamond of a deep blue colour, and a pale blue one

of forty carats, are preserved in the Munich treasury.

Black diamonds perhaps deserve a brief mention. Crystals of a uniform black colour

have been found in Borneo, and also very rarely in South Africa. The opacity of such

stones, combined with their high degree of lustre, almost metallic in its character, render

them, when cut, of peculiar beauty, and well suited for use in mourning jewellery. These

crystals of black diamond must not be confused with the black carbonado of Brazil,

to be described later. A few brown stones of a delicate and beautiful coffee shade are

known ; these also come from Brazil.

As is almost always the case with precious stones and other minerals, the colour of

which is due to enclosed foreign matter in an extremely fine state of division, so also in the

diamond the distribution of the colouring-matter is not always perfectly uniform throughout

its whole mass. The pigment may be collected or accumulated in isolated patches, while

the rest of the stone is either colourless or less deeply coloured. In numerous cases, only the

thin surface layer of the crystal is coloured, the interior of the stone being colourless ; this

occurs often in Brazilian stones, especially those from the Rio Pardo, in the Diamantina

district. When the outer layer, which is often pale green in colour, is removed in the

process of cutting, a perfectly colourless stone is obtained. Tschudi mentions a fine emerald-

green brilliant from Brazil, which before cutting had a sooty black appearance ; another

specimen of similar appearance retained its black colour almost entirely after cutting, a few

facets only appearing white.

Not infrequently the bulk of a rough diamond is colourless, the edges and corners only

being coloured ; many Brazilian stones are of this description, as well as specimens from

South Africa, including some of the " smoky stones " already mentioned. In these the deep

smoky-grey colour is sometimes confined to the corners of the stone, the interior being faintly

coloured or entirely colourless ; a stone so coloured is described as a " glassy stone with

smoky corners.'
1 Diamonds in which these conditions are reversed also occur, the edges and

corners being colourless, and the central portion coloured.

Sometimes, though rarely, a stone shows two differently coloured portions
;
the two

portions of one mentioned by Mawe were coloured respectively yellow and blue. Stones

showing a number of differently coloured sectors, sharply separated from each other, and

radiating from a central point, are also of rare occurrence. Thus smoke-grey and colourless
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rays may have a regular star-like arrangement, or may form a figure like the club of playing

cards, on the faces of the octahedron.

Of interest is the fact that diamond sometimes shows a play of colours like that of

precious opal. Des Cloizeaux mentioned a few such stones which differed from opal in this

respect only in that the colours were less brilliant. Pale blue and yellow stones have been

reported by Mawe to show a somewhat similar appearance.

The colour of diamonds is by no means in every case unchanging and unalterable.

Some stones are bleached by sunlight ; thus a red diamond on exposure to sunlight is

reported to have gradually lost its colour and become white. A diamond in the possession

of the Parisian jeweller, Halphen, undergoes a peculiar change in colour on exposure to heat.

This stone, which is of a faint brownish colour and weighs four grams (about twenty carats),

assumes in the fire a beautiful rose-red colour. If kept in darkness this colour is retained

for about ten days, after which it returns to its original brownish colour ; should the stone

be exposed to diffuse daylight, or to the direct rays of the sun, the change to the original

colour is much more rapid. The change to rose-red can be produced at will by again

exposing the stone to the action of heat. Could means be devised for retaining the rose-red

colour of the stone, the possessor would benefit to the extent of many thousand francs, since

it is valued when brown at 60,000 francs, and when rose-red at from 150,000 to 200,000

francs. Halphen has also seen a diamond which when rubbed assumed a rose-red colour

;

this colour, however, was lost again almost immediately.

The colour of diamonds is in some cases affected by exposure to a high temperature.

According to Des Ooizeaux, pale green diamonds, after being heated in the oxyhydrogen

flame, became light yellow ; brown crystals under the same conditions become greyish.

Baumhauer also witnessed the colour of one diamond change from green to yellow, and of

another from dark green to violet, under the influence of a high temperature. Wühler caused

green diamonds to assume a brown colour by heating them, but found that brown stones

remained unaltered in colour. Yellow diamonds, especially those from the Cape, retain their

colour at the highest temperatures.

It has already been mentioned that very faintly coloured stones command a somewhat

lower price than do those which are perfectly colourless. Hence many attempts have been

made to transform faintly coloured stones into the more valuable colourless stones. This

is readily effected in those Brazilian diamonds, which have a colourless central portion

surrounded by a coloured external layer of no great thickness. The outer coloured layer

is in these cases simply burnt away by heating the stone in a crucible with a little saltpetre.

The operation is very brief, the coloured external layer disappearing in one or two seconds.

This device involves no actual change of colour, but is simply a removal of the coloured

portions, which could have been effected just as well by the more lengthy process of grinding.

Attempts have been made, however, to decolourise diamonds in which the undesirable

pigment is distributed through the substance of the whole stone. Probably the first to

make experiments in this direction was the Emperor Rudolph II. ; according to the report

of his gem-expert, Boetius de Boot, the Emperor was acquainted with a method by which

every diamond could be decolourised, and rendered perfectly colourless. This important

secret, however, died with its possessor. At a later date the Parisian jeweller, Barbot,

claimed to be able, by the employment of chemical means and a high temperature, to

decolourise green, red, and yellow stones, while dark yellow, brown, and black stones only

slightly lost their colour. Barbot's method was also preserved as a secret, so that it is

impossible to put his assertion to the test ; it is probable, however, that he did not possess

the power to which he laid claim, in spite of the fact that he described himself on the title-
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page of one of his books as " Inventeur du procede de decoloration du diamant." Our
present knowledge of the constituents of diamond pigments makes us unwilling to believe too

readily in the possibility oftheir complete destruction ; at all events, no method is at present

known which is effectual in all cases.

Although it is impossible actually to destroy the colour of yellow diamonds, such as

now so often come into the market, it is easy to disguise their yellow tint and make them
appear colourless. This device has often been practised for fraudulent purposes, and was

successfully carried out in Paris a few years ago. The yellow stone is placed in a violet

liquid, such as the dilute solution of potassium permanganate used for disinfecting purposes.

On being taken out and allowed to dry the stone becomes coated with a thin film of the violet

substance. The combined effect of yellow and violet colours in certain proportions is to

produce in the eye the sensation of white light ; hence, when the violet layer is of a certain

thickness, the stone will have the appearance of being perfectly colourless. Should it still

appear yellow after the first trial, it may be immersed a second or third time, while if the

violet colour is too deep, some of it may be washed off. Instead of a solution of

potassium permanganate violet ink may be used for this purpose. A stone treated in this

way will, of course, remain apparently colourless only so long as the violet coating remains

intact ; directly this is rubbed off, which readily happens, the yellow colour of the stone

becomes apparent. A more permanent coating is said, however, to have been recently

devised for this purpose. The methods by which yellow stones can be made to appear

colourless are very old ; ultramarine is supposed to have been used by the ancient

inhabitants of India for this purpose.

According to the investigations of Petzholdt, which are confirmed by every diamond-

cutter, the colour of diamond powder or dust varies from grey to black, and is darker the

finer its state of division.

Phosphorescence.—Many erroneous statements have been made with regard to the

phosphorescence of diamond. Thus it has been stated that diamond phosphoresces in

darkness after exposure to the direct rays of the sun, the phosphorescence being specially

marked after exposure to blue light, and less so after exposure to red light. It is even said

that after being screened by a board or paper from the direct rays of the sun, so that the

stone is exposed to diffused daylight only, it will be seen to glow brightly when placed in

darkness. Exact researches, however, have proved that only very few diamonds phospho-

resce after exposure to sunlight, and that neither the direct rays of the sun nor intense

artificial light cause phosphorescence in the majority of stones. Streeter reports that a

yellow stone of 115 carats, after exposure to lime-light lit up a dark room ;
and Edwards

describes a water-clear diamond of 92 carats, which after one hour's exposure to electric

light emitted in a dark room a light which lasted for twenty minutes, and was so strong

that a sheet of white paper placed near the stone could be distinctly seen. Of 150

diamonds of various forms, sizes and qualities examined by Kunz, only three showed the

phenomenon of phosphorescence after exposure to the light of the electric arc.

Although exposure to light has in diamond so small an effect in exciting phospho-

rescence, the phenomenon is easily produced by rubbing the stone. Kunz observed that all

the diamonds he examined, without exception, became self-luminous after being rubbed on

wood, leather, woollen or other material. Some stones needed only to be drawn once

across the substance, especially if it were of wool, to render them self-luminous; the most

marked phosphorescence was* however, developed in stones by rubbing on wood against

the grain. According to other statements, rubbing on metals (iron, steel, copper) is

effective.
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Whether diamonds are capable., as a rule, of giving out light after being raised to a

temperature below red -heat is doubtful, but some specimens, which are unaffected by

sunlight and remain quite dark, are induced to glow by exposure to electric sparks. But

here, as in all cases, the phosphorescence can be produced only when the stone has not

previously been exposed to a strong heat.

The light given out by a phosphorescing diamond is in almost all cases feeble, and

much less intense than that emitted by many other phosphorescent substances. The light,

which is usually yellow in colour, but may under certain circumstances be blue, green, or

red, is strongest when induced by electric sparking. Remarkable observations have been

made on the appearance of different faces of a phosphorescing crystal of diamond.

Dessaignes (1809) stated that a diamond after exposure to the sun's rays emitted light

from the cube faces, but not from the octahedral faces, which remained quite dark.

Maskelyne described a diamond crystal which emitted a beautiful apricot-coloured light

from the cube faces, a bright yellow from the faces of the rhombic dodecahedron, and a

yellow light of another shade from the octahedral faces.

All these appearances are, as a rule, of brief duration. A case is, however, recorded of

a diamond which continued to phosphoresce for an hour after the removal of the exciting

cause.

The phosphorescence of diamond is said to have been first observed in 1663 by the

famous English physicist Robert Boyle.

7. ELECTRICAL AND THERMAL CHARACTERS.

A diamond, whether rough or cut, becomes positively electrified on rubbing; the

charge so acquired is quickly lost, never being retained more than half an hour. In

contrast to graphite, the other crystallised modification of carbon, which is a good conductor

of electricity, the conductivity of diamond is so inappreciable that the stone ranks as a non-

conductor.

Diamond being a good conductor of heat appears cold to the touch, and by this means

can be distinguished from other substances, as already explained.

B. OCCURRENCE AND DISTRIBUTION OF DIAMOND.

Diamond has been found in all five continents, but not to the same extent in each. It

has been longest known in Asia, where the famous old Indian deposits have probably been

known and worked from the earliest times; now, however, they are almost completely

exhausted. In close geographical connection with these are the deposits in Borneo, but

the supply from this island, in comparison with the rich treasure of India, has always been

limited. Reported discoveries of diamonds in the Malay Peninsula, where, according to one
account, the famous " Regent" of the French crown jewels was found, in Pegu and Siani

and the islands of Java, Sumatra and Celebes, are for the most part unauthenticated ; and
the same may be said of the reported occurrence in China (province Shan-tung),

Arabia, &c.

In America the famous Brazilian diamond-fields were discovered at the beginning of

the eighteenth century, and have compensated for the exhaustion of the Indian mines ; the

richest yield of stones has been given by the mines in the States of Minas Geraes and
Bahia. Recent finds have been made in another part of the South American continent,

namely in British Guiana. Well authenticated, but of little commercial importance, is the

occurrence of diamond in the United States of North America ; a small number of stones



DIAMOND: OCCURRENCE AND DISTRIBUTION 139

having been found in the eastern States of Georgia, North Carolina, South Carolina,
Kentucky, Virginia, Wisconsin, and in the western States of California and Oregon.
Reported occurrences in other parts of the American continent, namely Sierra Madre
in Mexico, and the gold mines of Antioquia in Colombia, South America, require

confirmation.

The continent, of Africa is, at the present time, by far the most important source of

diamonds, which have been collected here since the late sixties in ever increasing numbers,
far surpassing the yield from any other region. The exact locality of the deposits is on the

Vaal River, and in the neighbourhood of the town of Kimberley, both these localities being

in the division of Griqualand West, in the north of Cape Colony ; also in the adjoining

Orange River Colony, which, however, is of far less importance. Compared with the yield

of the African fields, all others are insignificant, although in comparatively recent times the

markets of the world were supplied from the sources which are now of such minor

importance. At the present day the diamond fields of the Cape are the source of 90 per

cent, of the stones which come into the market. The reported occurrence of diamonds in

the auriferous sands of the river Gumel, in the province of Constantine, in Algeria, is

unauthenticated ; three stones were said to have been found here in 1833, but nothing more

has been heard of this reputed discovery. The statement of Dr. Cuny, an African traveller,

that in the fifties a whole camel-load of diamonds was brought from Western Africa to

Darfur seems rather incredible.

In Europe, diamonds have been found in Russia, in the Urals in the east, and in

Lapland in the west ; the stones are, however, met with only in small numbers, and their

importance lies in their mineralogical rarity. The reported occurrence of a few small

diamonds in Spain has some degree of probability ; but the supposed discovery of diamonds

in a stream in Fermanagh, Ireland, needs authentication. A reputed discovery in Bohemia

is certainly false ; in 1869 a single small diamond was noticed in a parcel of garnets at some

cutting works at Dlaschkowitz ; the matter was thoroughly investigated by V. von

Zepharovich, who proved beyond doubt that the diamond must have been introduced into

the parcel at the works, where such stones are used for boring garnets.

Diamonds have been found in recent times in Australia, especially in New South

Wales, not altogether in inconsiderable numbers ; and Australian stones are at least

mentioned in the markets.

Finally we must record the interesting fact that diamond is not only a constituent of

the earth's crust, but also of extra-terrestrial bsdies, the presence of small stones having

been in recent years proved in several meteorites.

With regard to the mode of occurrence of diamonds, it is to be noted that in the

majority of localities they are found in secondary deposits, such as sands and gravels.

These masses of debris produced by the weathering of the original mother-rock of the

diamond are usually entirely loose and incoherent ; occasionally, however, as in Brazil and

India, they are converted by some cementing materials into firm conglomerates, breccias

and sandstones. In Brazil these rock masses, like the loose sands and gravels at other places,

lie on the surface, and must therefore be reckoned among the most recent deposits of the

earth's crust. In India, and to a certain extent also in Brazil and North America, the

diamantiferous fragmentary rocks belong to earlier geological periods, being interbedded

with some of the oldest rocks, and thus representing the sands and gravels of very

remote ages. When these older fragmentary rocks come to the surface, they are

themselves in course of time attacked by weathering agents and supply material for new

secondary, deposits, from which diamonds are won by the ordinary process of washing.
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These relations will be further considered with the description of each special diaman-

tiferous deposit.

The nature and character of the original mother-rock, in the debris of which the

diamond is now found, has nowhere been determined with the certainty and clearness as to

detail that is desired, although many important steps have been made towards the solution

of this important problem. In the following pages we will consider in detail the facts

connected with each well-established occurrence of diamond, and endeavour to determine

the origin of the stone in each case so far as the available observations permit. In any

case it is certain that the original mode of occurrence and the mother-rock are not the

same at all localities : in some cases the mother-rock is without doubt one of the older

crystalline rocks, such as a gneiss or a crystalline schist, or an eruptive rock, such as granite ;

in other cases it is highly probable that diamond originated as a secondary mineral in

crevices in the rock known as itacolumite, as will be specially considered when we come to

treat of the Brazilian deposits. In the South African diamond-fields, the stones are

found for the most part embedded in a green serpentine-like rock, instead of in loose

sands as is more usually the case. This mode of occurrence, which is peculiar to this

locality, and differs from that of all others, will be considered in detail under its appropriate

heading.

The different diamantiferous deposits will be dealt with below in the following order:

1. India. 6. North America.

2. Brazil. 7. British Guiana.

3. South Africa. 8. Urals.

4. Borneo. 9. Lapland.

5. Australia. 10. In meteorites.

1. INDIA.

Diamonds have been known longer in this country than in any other, and the most

beautiful, famous and many of the largest stones were found here. A diamond river in

India is referred to by Ptolemy ; and the fact that diamonds were known to, and highly

prized by, the ancient inhabitants of the country is proved by the rich adornment of the

oldest temples of religion with this and other precious stones. The sacred shrines and
idols show, moreover, that the art of diamond cutting has been long understood. Until

the discovery of the Brazilian deposits in 1728, the supply of the whole world was derived

almost entirely from the Indian sources, Borneo being at that time the only other known
ocality.

The occurrences of diamond in India are distributed over an extensive area of the

country. C. Ritter in his Erdkunde von Asien (vol. iv., part 2, p. 343, 1836) collected

together the various scattered reports concerning the diamond localities, and was the first

to give a detailed and connected account. More recently (1881), Professor V. Ball has given

an exhaustive account, in which he has incorporated all the latest information, in the

official Manual of the Geology of India (Part III. pp. 1-50).

That the occurrence of diamonds in India is almost entirely confined to the eastern

side of the Deccan plateau is to be gathered from the finds of the present day and from the

reports of earlier times. The southern boundary of the region in which diamonds have

been found is the river Penner in latitude 14° N. ; from this river the diamond localities

form a frequently interrupted line running northwards on the east side of the Deccan

plateau, crossing the Kistna, Godavari and Mahanadi rivers, and reaching the southern



DIAMOND: OCCURRENCE IN INDIA 141

tributaries of the Lower Ganges in Bengal, between the rivers Son and Khan, in latitude
25° N. Any other diamond localities outside the area just marked out (see map, Fig. 33)
are unimportant, and the reports concerning them are often uncertain. In general, many of
the reported localities for diamond are doubtful, there being no exact and reliable information
respecting them, or they are simply based on the existence of old mines.

It is often supposed that all Indian diamond mines are of the greatest antiquity. In
many cases the date at which the workings were commenced is not known ; but the working
of the most important deposits known at the present day does not date back to very remote
periods, probably in all cases subsequent to the year 1000 a.d. and sometimes much later.

Of a few mines it is known exactly when work began, as will be mentioned below.

Diamonds are found in India in compact sandstones and conglomerates, in the loose,

incoherent weathered products of these rocks at places where they lie on the surface, and in

the sands and gravels of those rivers and streams which have flowed over the diamantiferous

strata or their weathered debris and have washed out the stones from their former

situations.

The diamantiferous sandstone of India is of very wide distribution. It belongs to the

oldest division of the sedimentary formations of the country which usually rest directly upon
the still older crystalline rocks, such as granite, gneiss, mica-schist, hornblende-schist,

chlorite-schist, talc-schist, and similar rocks. Fossils have not been found in these

sandstones, so that it is not possible to determine exactly to which of the European

formations they correspond in age ; they may however be safely stated to belong to the

Palaeozoic period, and possibly to the Silurian division of this period.

The oldest bedded rocks known to Indian geologists are included in the Vindhyan

formation. Only the lower division of this formation is represented in the Madras

Presidency in southern India, and is there known as the Karnul series. In northern India,

for instance in Bundelkhand, these lower beds are overlain by the later beds of the Upper

Vindhyan formation. As far as is yet known, the diamantiferous sandstones of the whole

of India belong to this Vindhyan formation ; but while in the southern diamond districts,

and probably also in the districts of the Godavari and Mahanadi rivers, they belong to the

lower division, namely, the Karnul series, in northern India, for example in Bundelkhand,

they belong to the upper part of the Vindhyan formation.

The Lower Vindhyan formation (namely the Karnul series) consists mainly of limestones

with interbedded clay-slates, sandstones, conglomerates, and quartzites. In southern India at

the base of this series of beds are beds of sandstone and conglomerates which are known as

the Banaganapalli group and here constitute the diamantiferous strata. The whole of the

Banaganapalli sandstones are on an average ten to twenty feet thick ; they are usually coarse

grained, sometimes argillaceous, at other times very compact and siliceous, and in places

felspathic and ferruginous ; they are dark in colour, being red, grey or brown. The pebbles

of the interbedded conglomerates have been derived from the denudation of older rocks, and

consist for the most part of quartzite, variously coloured hornstones and jasper, as well as

compact clay-slates.

The diamonds are found in an earthy bed containing abundant pebbles ; this bed is

clearly and definitely marked off" from other beds and is not repeated at any other horizon.

The diamonds, which may themselves be regarded as pebbles since they also show signs of

rounding, lie scattered singly among the other pebbles which are of the same materials as

those just mentioned. This earthy bed, in which alone the diamonds are found, is of little

thickness ; in exceptional cases its thickness is stated to be two and a half feet, but it often

measures less than a foot, and rarely exceeds this amount.
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In Bundelkhand the diamond-bearing stratum belongs to the middle division of the

Upper Vindhyan formation, namely the Rewah group, and is situated at the base of this

group in the Panna beds. It is usually a red, ferruginous conglomerate, the pebbles of

which consist, as in southern India, of quartz, variously coloured jasper, quartz-schists,

sandstone, nodules of limonite, &c. The diamonds appear to bear a close relation to certain

sandstone pebbles in this bed.

It is often stated, although perhaps further confirmation of the fact is needed, that in

Bundelkhand diamond is sometimes found in fragments of a compact, greyish, siliceous

sandstone with a peculiar glassy appearance, embedded in the stone in the same way as are

the sand grains of which it is composed. These sandstone pebbles in the conglomerates of

the Rewah group have been most probably derived from beds of the Lower Vindhyan

formation, which, by their denudation, supplied material for the deposition of the later

beds of the Upper Vindhyan formation. Thus the diamonds now found in the Upper

Vindhyan formation originally belonged to the Lower Vindhyan, where, in southern India,

they are still found. With the denudation of these older rocks the diamonds were set free

and again deposited with the material of the younger beds, some remaining embedded in

fragments of the original rock, while others became isolated and are now found among the

pebbles of the conglomerate.

The diamantiferous sandstones and conglomerates are now elevated, and crop out at the

surface of the ground, or are covered by younger strata. Where these strata are not so

protected, as when a valley cuts across them, they will be exposed to the action of denuding

agents, and will be reduced to soft incoherent sands in which the diamonds lie loosely, the

whole constituting a diamantiferous sand.

The diamond-bearing strata, together with the sands derived from them by weathering,

are everywhere exposed to the action of streams and rivers which transport the material to

lower levels. The next resting-place of the diamond is therefore the sands and gravels of

the river bed or its alluvial deposits. The most recent of these alluvial deposits lies at the

present level of the river ; others are found at higher levels on the sides of the valley,

having been formed before the valley had been cut down to its present depth. These

diamond-bearing alluvial deposits have a close connection with the diamond-bearing beds

from which they have been derived. In any district where diamonds occur in the strata

they will also be found in the beds of the streams and rivers, although not always in

numbers sufficiently great to repay work on a large scale.

The mining of diamonds is at the present day, just as in former times, almost entirely

in the hands of natives of the lower castes. Attempts on the part of Europeans to work the

diamond-bearing deposits on a large scale, and according to modern methods, have never

been attended with success. The work in many cases is tedious and difficult, and,

moreover, the methods used must be altered to suit the conditions in differenc localities,

which vary considerably. The same methods are for the most part now employed as were

in use in the oldest times of which records exist ; at any rate, they are identical with those

seen and described by Tavernier, the French traveller and dealer in precious stones, in 1665.

The working of the surface layer of sands, that is the loose, weathered product of the

sandstone beds, and of the river alluvium, is easy. It consists essentially in removing the

larger masses of rock and in washing away the finer earthy material with water. From the

sandy residue thus obtained the diamonds are picked out, usually by the women and

children of the workers who dig out the gravels.

The working of the sandstone beds is more arduous, and is only attempted where they

lie on the surface or at a very small depth beneath it. Where they are overlain by
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younger beds of any thickness, they are inaccessible to the natives, whose appliances for the

sinking of shafts and other mining operations are few and primitive ; moreover, in such

cases the cost of Avorking would be prohibitive, and the mining of the diamonds can only be

effected where the strata crop out on the surface of hill-sides, the workings penetrating to

only a very small depth even in these more favourable situations.

Where the diamond-bearing bed lies at a small depth below the surface, a pit or shaft

of a few square feet or yards in section is sunk to meet the desired bed, the shaft being

usually about 20 feet, rarely 30 feet, and in a few cases 50 feet in depth. The workings at

the bottom of the pit extend only to such distances as the stability of the material overhead

will permit. The diamantiferous rock so obtained is, when necessary, carefully broken up,

and the diamonds obtained from it by washing and sorting in the same manner as from the

loose sands and gravels.

The excavation of the hard, solid beds of sandstone which often overlie the

diamantiferous stratum is a matter of no small difficulty to the worker whose tools are

inadequate for the purpose. In a few districts the difficulty is somewhat lessened by the

employment of a device often made use of by the old German miners. A large fire is

kindled on the spot at which it is desired to sink a shaft, and when the rock below is

strongly heated, it is suddenly cooled by the application of cold water. This causes the

rock to crack in many places, and thus the work of excavation is rendered less arduous.

Diamantiferous sandstone, which has been removed from its natural bed, and from

which diamonds have been extricated, is often allowed to be exposed to the various

atmospheric weathering agencies for some time, and is then again worked over, when a

further yield of diamonds may be given, this being sometimes repeated several times. This

fact has given rise to a belief among the natives that this second crop of diamonds has

originated in the waste rock, or that it is the result of a fusion together of the smaller

diamonds originally left behind ; similar beliefs are also met with in South Africa. The

actual explanation, of course, lies in the fact that during the interval in which the waste

rock is exposed to the air, weathering takes place, and any stones which may have been

embedded in the larger fragments of rock are thus set free and easily picked out by the

searchers. A mass of rock which has once been worked over will naturally be the poorer

both in the number and the size of the diamonds it contains. In spite of this, however,

the refuse heaps from old diamond mines are in many places at the present time being

continually turned over and diamonds as continually found.

C. Ritter arranged the Indian diamond mines known to him in five groups, according

to their geographical distribution, and described them in order from south to north. In

what follows this grouping will be adopted, the smaller mining districts not mentioned by

Ritter being introduced in appropriate places, and information derived from later reports,

especially those of V. Ball, incorporated with the matter given by Ritter. A rather

different grouping of the mines is given by Ball. The map (Fig. 33) shows the distribution

of the diamond-fields in India.

1. The Cuddapah Group on the Penner River.

This group includes the most southerly mines, those furthest to the east are in the

neighbourhood of Cuddapah on the river Penner, where numerous mines have been worked

for several centuries with varying success. At the present time the majority of the mines

in this group—perhaps, at times, the whole of them—are abandoned, but this by no means

indicates that the supply of diamonds has been completely exhausted. The spot at which
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FIG. 33. The Diamond-fields of India (Scale, 1 : 12,000,000).

diamonds have been most abundantly found is Chennur (Chinon), near Cuddapah, on the

right or southern bank of the Penner river. Westward of this, that is, up the river and on

the same bank, mines are situated at Woblapully (Obalumpally). On the other bank of the

river are the mines of Condapetta, referred to by the travellers who formerly visited and
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described this district, and which probably corresponds to Cunnapurty of the present day.

West of Chennur, diamonds have also been found at Lamdur and Pinchetgapadu, and at a
few other places, of which Hussanapur (Dupand) may be mentioned as having at the

beginning of the nineteenth century yielded many stones. Still higher up the valley of the

Penner diamonds were formerly sought at Gandicotta, but with little success.

All these mines are referred to as the Chennur mines. At Chennur itself the

abandoned mines are in the Banaganapalli sandstone or in the weathered products of this

rock. Many stones, some of very fine quality, have been found here. In two particular

cases ^5000 and ^3000 were obtained for single specimens. After a long period of idleness,

mining operations were, in 1869, again commenced, but without success. Under the surface

soil of this neighbourhood is a stratum 1J feet thick of sand and gravel with clay, beneath

this a tenacious blue or black clay, 4 feet thick, and underlying all, the diamantiferous layer

2 to 9,\ feet in thickness, and differing from the clay above only in that it contains many
large pebbles and boulders. The pebbles thus included in the diamantiferous clay consist

of various minerals ; among others there are yellowish transparent quartz, epidote, red, blue

and brown jaspery quartz, round nodules of limonite the size of a hazel-nut, and corundum.

The boulders are often the size of a man's head, and consist of sandstone, basalt, often of

hornstone, as well as fragments of felsite, a rock of which the hills standing 1000 feet above

Cuddapah are constituted.

At Condapetta the mines are from 4 to 12 feet deep. Here there is a bed of earthy

sand, 3 to 10 feet thick, resting on a bed of pebbles, which vary in size between that of

a nut and that of a cobble, and among which the diamonds are found, usually loose, but

sometimes cemented to the pebbles. The latter usually consist of ferruginous sandstone

or conglomerate, among these being others of quartz, chert, and jasper, the latter being

sometimes blue with red veins ; also porphyry containing crystals of felspar. The greater

number of these pebbles have been derived from the surrounding mountains, but some—for

example, those of porphyry—have been transported by water from greater distances. The
mines here, as at Chennur, are only worked in the dry season, since in the rainy season they

become filled with water, the removal of which would entail too much labour.

The mines at Woblapully were opened somewhere about the year 1750. The diamonds

found here are flat and much worn and rounded, so that they show no definite crystalline

form. They are specially hard and have a high lustre. In colour they are clear white

or clear honey-yellow, also cream-coloured and greyish-white. They are found in

alluvial deposits of varying widths which follow the course of the river, and consist

chiefly of much-rounded nodules of limonite of about the size of a nut. This district

has not been systematically explored, the mines, of which the average depth is 16 feet,

are very irregularly scattered about, and have apparently never been of any great

importance.

Following up the Penner valley and then turning to the north we reach Munimadagu

and Wajra Karur, two important diamond localities in the Bellary district.

The first of these, Munimadagu, is sixteen miles west of Banaganapalli and forty-

one miles east of Wajra Karur. Here, in a circular area some twenty miles in circumference,

are a number of mines which in former times, especially during the period between the

beginning of last century and the year 1833, supplied the important market and cutting-

works of Bellary with the bulk of their material. The systematic working of the mines on

the particular diamantiferous bed has, however, now been given up, although a few stones are

occasionally still found in the neighbourhood. The diamond-bearing stratum is of small

thickness, and rests upon granite, gneiss, and similar rocks.
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Wajra Karur is another locality from which a more abundant yield of diamonds

was obtained in former times than is the case at the present day. To emphasise the fact

that diamonds are still to be found here, we may mention the stone of 67| carats discovered

in 1881, from which was cut a beautiful brilliant of 24f carats, valued at £12,000. Some

of the largest and most famous of Indian diamonds are said to have been found here. The

occurrence of diamonds at this place is peculiar : they lie loosely scattered about on the

surface of the ground, and there is no definite diamond-bearing bed. The rocks at the

surface are granite and gneiss, and the diamantiferous Banaganapalli sandstone has not

been detected in the district. The diamonds are often washed out of the soil by heavy

rains, and are then picked up casually, or an organised search for them may be made by

the people of the district.

In order to explain the peculiar mode of occurrence of diamond at this locality, it has

been supposed that in earlier geological times a diamantiferous bed covered a large area in

the neighbourhood of Wajra Karur, and that this has since been entirely removed by

denudation, leaving the diamonds behind as an unalterable residue. Although there is

nothing impossible about this view, it is supported by no definite facts.

Later investigators have attempted to explain .the mode of occurrence of diamond in

this district in other ways. To the west of the town of Wajra Karur a pipe of blue rock,

very similar in character to a volcanic tuff, was found in the granite or gneiss. This

closely resembles the richly diamantiferous rock of Kimberley, in South Africa, and was

therefore supposed to be the original mother-rock of the Wajra Karur diamonds. This

bluish-green, tuftaceous rock, with interspersed blocks of granite and gneiss, was worked on

a large scale by an English company with absolutely no success, not a single diamond

having been found.

More recently another solution of the problem has been offered by the French traveller,

M. Chaper, who searched the district for diamonds in 1882. This explorer found that the

surface rock lying just beneath the soil, which in the neighbourhood of Wajra Karur is

gneiss, is penetrated by numerous veins of various igneous rocks. These veins very

frequently consist of a coarse-grained, rose-red or salmon-coloured pegmatite containing

epidote (pegmatite being a special variety of granite). In the upper, much-weathered

portion of such pegmatite veins M. Chaper himself collected two small diamonds, which

were accompanied by irregularly bounded grains of blue and red corundum (sapphire and

ruby) as well as by other minerals. The two diamond crystals were octahedral in form

with perfectly sharp edges, and showed no signs of having been water-worn. Numerous

diamonds are said to have been found under the same conditions by the natives. Chaper

was convinced that the diamonds he collected had been originally formed in the pegmatite,

and had been loosened from it only by the weathering of the matrix. This theory would

of course apply equally well to all the other regularly developed crystals of diamond found

at the same place.

The Indian geologist, Mr. R. B. Foote, has raised a doubt as to the correctness of

diaper's observation, and specially of the deduction he drew therefrom, suggesting that the

French traveller was deceived by his native attendant. A confirmation of diaper's statement

is much to be desired, since it would be of considerable help in elucidating the general

problem connected with the identity of the original mother-rock of Indian diamonds. The
original matrix of all Indian diamonds may possibly have been similar in character to

the rock in the neighbourhood of Wajra Karur, the weathering and breaking down of

which has given rise to the sandstones and conglomerates in which the diamonds are now

found, but which cannot under any circumstances be regarded as their place of origin. In
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support of Chapels view may be mentioned the fact that diamonds in the lower Penner

district are sometimes associated with the minerals which Chaper observed at Wajra Karur

—namely, ruby, sapphire, and epidote. Foote meets this argument with the statement

that ruby and sapphire have never been found at Wajra Karur except with the two

specimens found by Chaper, and these, moreover, he considers show signs of workmanship.

Were it further confirmed, the reported occurrence of diamond in pegmatitic rocks, both

in Lapland and in Brazil (Serra da Chapada, in the State of Bahia), would afford support to

diaper's views.

2. The Nandial Group between the Penner and Kistna Rivers.

This group lies near the town of Banaganapalli, and only about seventeen miles north

of the last group. It is situated on the northern margin of the plain, which extends from

the western slopes of the Nallamalais as far as the town of Nandial (lat. 15° 30' N.,

long. 78° 30' E.). The mines of this group, which are sometimes referred to—for example,

by V. Ball—as the Karnul diamond mines, lie to the east, south-east, and west of Nandial,

and are partly in the diamantiferous bed itself and partly in the sands. This group, of

which a few only of the more important workings can here be mentioned, includes some of

the most famous mines ever worked in India, the majority of which, however, are now
abandoned.

The mines at Banaganapalli, the village which gives its name to the group of strata

containing the diamantiferous sandstone, lie to the north-west of Condapetta and to the

south-west of Nandial. According to the observations of Dr. W. King, the sandstones

together with the diamond-bearing bed rest unconformably upon the older sedimentary

rocks beneath—that is, the lines of bedding of the two series differ in inclination. These

older sedimentary beds comprise shales and limestones with interbedded trap-rocks. The

diamond-bearing bed and its associated sandstones are from twenty to thirty feet thick.

They are penetrated on the hill slopes by pits never exceeding fifteen feet in depth, at

the bottom of which the diamond-bearing bed has been removed as far in all directions

as the stability of the overlying rock will permit. This bed, which is only from six to

eight inches in thickness, is constituted of a coarse sandy or clayey conglomerate or breccia,

consisting largely of variously coloured fragments of shales and hornstone. Large diamonds

have apparently never been found here. The crystalline forms of most common occurrence

are those of the octahedron and the rhombic dodecahedron. Workers of the present day

confine themselves for the most part to turning over the refuse-heaps of abandoned mines in

search of small stones, but a few mines in the sandstone are being actively worked at the

present time.

The mines of Ramulkota are situated to the north-west of Banaganapalli and about

nineteen miles south-south-west of Karnul. They are in the Banaganapalli sandstone and

are worked more deeply and extensively than are those of Chennur, near Cuddapah in the

Penner valley. The stones found here are small and not very regular in form ; they may

be white (i.e., colourless), grey, yellow or green in colour. The exact output at the present

time is not known. The mines in the sandstone are not now worked, but the washing of

the neighbouring diamond-bearing sands is carried on to a small extent. Captain Newbold,

who visited this district in 1840, saw only twenty men at work here, but in the dry season

the number was said to be increased to 500. The rich and famous mines mentioned by

Tavernier under the name Raolconda are probably identical with the mines of Ramulkota ; at

the time of his visit (1665) these mines had been worked for 200 years and were a source of
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much wealth. After the working of these mines had ceased, their very situation became
completely forgotton ; they were at one time supposed to lie five days'* journey west of

Golconda, near the junction of the Bhima and Kistna rivers, and eight or nine days' journey

from Visapur (now Bijapur) ; the researches of V. Ball have now, however, practically

established the identity of these mines with the Ramulkota mines of the present day.

8. The Ellore ( or Golconda) Group on the Kistna River.

The mines of this group are situated on the lower portion of the Kistna river and

include some of the oldest and most famous of Indian diamond mines, the largest and most

beautiful of Indian stones having been derived from these so-called Golconda mines. Thev
derive their name, not from their situation, but from the fact that the diamonds from these

mines were sent to the market held near the old fortress of Golconda, not far from

Haidarabad, this being also the market for stones from Chennur. At the time of

Tavernier"s visit to these mines, more than twenty were being worked, most of them being

extraordinarily rich. With two or three exceptions, the whole were later deserted, and the

situations of many of them, including some which Tavernier described as being most famous,

are now forgotten.

The richest of the mines to the east of Golconda were those of Kollur, which lies on

the right bank of the Kistna, west of Chintapilly and in latitude 16° 42^' N. and longitude

80° 5' E. of Greenwich. This place was referred to by Tavernier under the name Gani

Coulour, and now sometimes figures as Gani. This latter is a native word said to signify

" mine,
11

while the word Coulour, from which is derived the now common place-name Kollur,

is of Persian origin. These mines are not identical, as has often been supposed, with the

also far-famed mines of Partial ; the latter, which will be described below, are situated

somewhat further east and on the left bank of the Kistna.

The discovery of the diamantiferous deposit at Kollur was made about 100 years before

Taverniers visit, namely, about 1560. A 25-carat stone was first accidentally found, and

numerous others soon followed, many weighing from 10 to 40 carats, and some still more.

The quality of the stones, however, was not always as satisfactory as their size, cloudy and

impure specimens being frequent. Such famous diamonds as the " Koh-i-noor,"
1
'' now in

the English crown jewels, and the " Great Mogul,"" the whereabouts of which, unless it

is identical with the " Koh-i-noor,
11

is now unknown, were very probably found in these

mines, in addition to some beautiful blue stones, including the "Hope Blue
11

diamond.

Tavernier stated that 60,000 people were engaged in these mines at the time of his visit

;

to-day, however, they are completely deserted, as are also numerous other workings

situated in the valley of the Kistna, between Kollur and Chintapilly, and between the

latter place and Partial. The diamonds here lie in a loose alluvium, which is thus a

diamond-sand.

In following the course of the Kistna river, a little beyond where it is joined by the

Munyeru river, to the east of Chintapilly, we reach the Partial mines, standing on the left

bank of the river. These mines also were formerly very rich and probably yielded the

" Pitt " or " Regent " diamond, now in the French crown jewels. The workings, which are

here in the loose decomposed mass of the diamantiferous bed and in the river alluvium, have

been abandoned for a long period, although the diamantiferous bed is probably not exhausted

;

in 1850, according to Dr. Walker, only two mines of this group were being worked. Near

to Partial, and belonging to the same group, are the old mines of Wustapilly, Codavetty-

Kallu, &c. ; the latter is said to have been especially rich, there being a legend to the effect
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that waggon-loads of diamonds had been taken away. Here again the diamonds occur in

sands which are now no longer worked.

Still further east, on the left (north) bank of the Kistna, but at some distance from the

river, are the Muleli or Malavilly mines, situated between the village of the same name and
that of Golapilly, to the north-east of Condapilly, and about six or seven hours' journey
west of Ellore. Here pits fifteen to twenty feet deep are excavated in a conglomeratic

sandstone or in the surface debris derived from its disintegration. These sandstones rest on
gneiss and belong to a somewhat later series of beds than does the Karnul series. The
diamantiferous stratum, which according to many observers is overlain by a bed of calcareous

travertine, consists mainly of pebbles of sandstone, quartz, jasper, chert, granite, &c, as well

as of large fragments of a limestone conglomerate, which show no traces of having been

water-worn. All the minerals which accompany diamond at Cuddapah are also present here,

with chalcedony and carnelian in addition. These mines have been worked at least as

recently as the year 1830, but the yield has since fallen off and they are now abandoned.

In the district in which this group is situated, which lies partly in Haidarabad, the
44 Hyderabad Company " of English capitalists has acquired working rights. The Company's

total output of diamonds in the year 1891 was 862f carats, valued at 15,530 rupees. The
annual output of the whole group of mines is at the present time little greater than this,

being perhaps about 1000 carats.

To the north of the district just mentioned, diamonds are said to have been found at

Bhadrachalam on the Godavari river. Their occurrence here is, however, doubtful, if not

mythical, few if any stones having been found ; the whole district is little known, and

rendered extremely inaccessible by the thickness of the surrounding forests. Much

richer and more important, at least in former times, is the fourth group of diamond

mines now to be described.

4. The Sambalpur Group on the Mahanadi River.

This group is situated a good distance to the north-west of the previous group, and

lies between latitude 21° and 22° north, in the Central Provinces. The diamonds known to

the ancients may have been those of the Mahanadi river, the diamond river mentioned by

Ptolemy being supposed to be in this district, and being, in fact, identified by many authors

with the Mahanadi river itself. The occurrence of diamond is limited to the neighbourhood

of Sambalpur, no other part of the river having given any yield. The mining district

extends over a fertile plain, which at the town of Sambalpur stands 451 feet above sea level,

and forms the stretch of land between the Mahanadi and Brahmani rivers. The date of

the first discovery of stones here is unknown, but Sambalpur has been a familiar diamond

locality since very remote times.

The diamonds are found for the most part in the neighbourhood of the confluences of

the Mahanadi with some of the tributaries on its left bank. These tributaries, which flow

into the river from the north, rise in the Barapahar hills; one of these, which joins the

Mahanadi a little above Sambalpur, is the Ebe, and is sometimes considered to be the

diamond river of the ancients, but whereas the occurrence of diamonds here has not been

proved, there is no doubt as to their occurrence in the Mahanadi valley. In former times the

stones were collected in the river-beds after the rainy season. They were found m the

Mahanadi river only on the left bank, never on the right, and not higher up than where the

Manda tributary enters the main river at Chandapur; according to some accounts, which

however are probably incorrect, the mouth of the Ebe is the furthest up-stream limit to
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the occurrence of diamonds, and this river is therefore often considered to be the one down

which the diamonds were transported into the Mahanadi. The whole diamond-bearing

stretch of the Mahanadi is about twenty-eight miles long, being limited eastwards by a bend

in the river at Sonpur.

One of the most important points on the Mahanadi appears to have been Hira Khund.
a name which signifies diamond mine ; this is an island about four miles long, which lies

near the village of Jhunan and divides the river into two branches. Every year about the

end ofMarch or later, that is, in the dry season when the river is very low, people flocked

in thousands to this place to search for diamonds. The branch of the river on the north

side of the island was dammed up, and the diamond-bearing sands and gravels of the

river-bed dug out and washed for diamonds by the women. The southern branch of the

river was never worked for diamonds, although in the opinion of some experienced persons,

they were there to be found, possibly in greater numbers than in the north branch. The

damming-up of the south branch would, however, present greater difficulty since the volume

of water here is greater and the current stronger than in the north branch.

Diamonds are found near Sambalpur in a tough, reddish mud containing sand and

gravel. This material is probably the weathered product of the rocks of the Barapahar hills

brought down by the rivers which rise there. The solid rock cf this region is not, as far as

is known, worked for diamonds, although it is very similar to the rocks which in all parts of

southern India yield the precious stone. A certain number of diamonds are found in the

small streams which rise in this neighbourhood, near Raigarh, Jushpur, and Gangpur.

Large stones are said to have been found in the Mahanadi with some frequency. The

largest was found at the island of Hira Khund in 1809 ; it weighed 210*6 carats, but ranked

only as a stone of the third water, and its subsequent history is unknown. Generally

speaking the stones found here were very good in quality, the diamonds of the Mahanadi

and of Chutia Nagpur ranking amongst the finest and purest of Indian stones. In the

Mahanadi, diamonds are associated with pebbles of beryl, topaz, garnet, carnelian, amethyst,

and rock-crystal ; these minerals, however, have probably been derived from the granite

and gneiss through which the river flows and not from the mother-rock of the diamond.

The Mahanadi yields also a fair amount of gold, which is separated from the river sands and

gravels by washing at the same time as are the diamonds.

At the present day, diamonds are found in this district only occasionally ; systematic

work was carried on down to about the year 1850, when, owing to the poorness of the yield,

it was discontinued.

The mines of Wairagarh, in the Chanda district of the Central Provinces, may be

conveniently described with this group. They are about eighty miles south-east of Nagpur,

very ancient, and identical with those mentioned by Tavernier under the name Beiragarh ;

their identity with those of Vena (Wainganga) is uncertain. The remains of these mines

are still to be seen on the Sath river, a tributary of the Kophraguri, itself a tributary of the

Wainganga. The mines were formerly rich, but have been abandoned since 1827- The

stones lie in a red or yellow, sandy, laterite-like earth, but the rock from which this alluvial

material was originally derived is unknown. According to Professor V. Ball, this diamond-

bearing stratum has a far wider distribution than is generally supposed, and will perhaps at

some future time become of importance.

To the north of the Sambalpur district, in the Chutia Nagpur (the ancient Kokrah)

division of Bengal, diamond mines were formerly worked. These mines are said to have

yielded in the sixteenth and seventeenth centuries many large and fine stoies, which are

stated to have been obtained from one of the rivers of the district. The identitv of this
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river is not exactly known, but it is supposed to be the Sankh, a tributary on the left side
of the Brahmani, also a river in which diamonds have been found but at a later date ; even
such occasional finds are not now, however, to be made.

In Tavernier's time some famous mines, which were described by him, existed at
Sumelpur, but their exact situation is now not known. According to the account of this
traveller, the diamonds were here washed from the sands and gravels of the River Gouel.
This river is supposed to be identical with the North Koel river, a tributary of the Son,
which in its turn Hows into the Ganges, and on the banks of which are the ruins of the ancient
town of Semah or Semul, supposed to be identical with Tavernier's Sumelpur (Semelpur).
This town must not be confused with Sambalpur, a town on the Mahanadi river which has
been mentioned above. The stones found in this district were originally derived from the
hills forming the watershed of the rivers North Koel and Sankh. Tavernier states that 8000
people were at work in these mines at the time of his visit, in the dry season at the
beginning of February. Many other statements respecting the early finds of diamonds in

Chutia Nagpur are now regarded as false, having nothing more substantial than fable as their

foundation.

5. The Panna Group in Bundelkhand.

This, the most northerly group of Indian diamond mines, is situated between the Khan
and Son rivers in latitude 25° N., and lies on the northern margin of the Bundelkhand
plateau where this borders the plain of the Ganges and Jumna. Some of the mines lie in

the immediate neighbourhood of Panna (Punnah), to the south-west of Allahabad on the

Ganges, others are further away to the west, south and east of this town ; all are classed

together as the Panna mines. Large stones are not known to occur in this district nor do
any appear to have been found in former times, though the number of smaller diamonds of

good quality found now as well as formerly is considerable. The form of the crystals isthat

of the octahedron or of the rhombic dodecahedron. They occur in the special diamantiferous

stratum and in the loose surface material derived from the weathering of the same, and have

also been transported with river-gravels. The diamond stratum here belongs, as previously

remarked, not to the Lower, but to the Upper Vindhyan formation.

In the neighbourhood of Panna, especially to the north and north-east, there are

numerous mines ; the most important lie close to the town and occupy altogether an area of

less than twenty acres. The diamond-bearing stratum is sometimes not more than a span in

thickness, and it lies deeper here than at other places where such a stratum is worked, being

overlain by a bed of clay of considerable thickness containing pebbles and rock-fragments

;

these consist usually of sandstone, but at the base of the bed there are numerous fragments

of ferruginous latente. The absence of solid rock above the diamond-bearing stratum

makes it impracticable to work the latter for any considerable distance underground ; in

order to reach this it is therefore necessary to excavate wide and deep pits, measuring about

20 yards across and 10 to 15 yards in depth, a proceeding which involves much labour

and time The diamantiferous stratum consists of a ferruginous clay which contains besides

diamonds, fragments of sandstone, quartz, hornstone, red jasper, &c, and deserving of special

mention, a green quartz (prase), the abundant occurrence of which is considered a good

sign by the diamond seekers. The interior of a diamond mine in this district is illustrated

in Plate V. The miners at work in the wide pit are watched by the soldiers of the native

ruler. On the left of the drawing are seen the baskets in which the excavated material is

hauled up to the surface for subsequent treatment ; towards the right is represented a series

of earthen bowls, arranged as a chain-pump, for removing water from the pit.
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In the mines of Kamariga, north-east of Panna, the diamond-bearing stratum consists

of loose, ferruginous earth ; it is overlain by a bed 20 feet thick of the firm and coherent

Rewah sandstone interbedded with bands of shale. The solidity of the superimposed rock

allows the diamond-bearing stratum to be worked underground from the bottom of the pits

for some distance, so that the work is here much lighter than at Panna. There are also

several mines at Babalpur, all of which are now abandoned.

At Birjpur, to the east of Kamariga and near to Babalpur, there are mines standing on

the right bank of the upper course of the river Baghin. The diamond-bearing stratum

differs from that at Kamariga, being a firm conglomeratic sandstone, which crops out at

the surface and overlies other sandstones; the mining of diamonds is here, therefore,

comparatively easy.

At all the mines mentioned above the diamond-bearing stratum itself is worked ; the

workings in the remaining mines of this group are, however, in the various sands and gravels

derived from this stratum.

At Majgoha (Maigama), south-west of Panna and the most westerly point of the

district occupied by this group of mines, the mode of occurrence of the diamonds is peculiar.

They lie in a green mud, which is penetrated by veins of calcite and is covered by a thick

deposit of calcareous travertine or tufa. This mud is found in a conical depression in the

sandstone, about two-thirds of which it fills. This depression is 100 feet deep and 100

yards wide and being cone-shaped diminishes in diameter as its depth below the surface

increases ; it may possibly be an old diamond mine filled up by the green mud. The miners

work to a depth of 50 feet and assert that the mud increases in richness as greater depths

are reached. The mine is now apparently abandoned ; it is not, however, considered to be

exhausted but is reserved for future working.

The mines at Udesna and Sakeriya are of some importance ; at the latter place, the

diamantiferous gravel is overlain by yellow clay and in part also by laterite. These mines

have been worked until recent times, and possibly may not be altogether abandoned even

now. At Saya Lachmanpur, fourteen miles from Panna, diamonds are found on the top of

Bindachul hill.

Finally, we must notice the long stretch of sands in the valley of the Baghin river below

Birjpur. The principal mines are at the lower end of the upper part of the valley, where

the pebbly diamantiferous stratum is overlain by about 12 feet of dark brown clayey sand.

At the upper end of the valley are two waterfalls, each with a fall of 100 feet, and at the

foot of each diamonds are collected at levels which are respectively 700 and 900 feet below

that at which the diamond-bearing stratum occurs in situ.

The Panna mines are at present the most productive diamond mines in India. The

profits of the workers are, however, greatly diminished by the heavy tribute exacted by the

native princes, to whom the land on which the mines are situated (with the exception of

Saya Lachmanpur) belongs. All stones exceeding 6 ratis in weight are appropriated,

together with one-fourtn of the value of all other stones found. In spite of this exaction,

more than three-fourths of the inhabitants of Panna and the surrounding villages obtain

their livelihood by searching for diamonds. Owing to the oppressive taxation, dishonesty

is rife among the workers, stones being concealed whenever opportunity occurs.

Another place at which diamonds are said to have been found is Simla, on the lower

ranges of the Himalayas and to the north of Delhi, this locality being thus quite removed

from the districts described above. Here, about 1870, a few diamonds are reported to

have been found after a great storm ; this occurrence is by no means an established
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fact, but it agrees with an old Indian tradition that diamonds have been found in the

Himalayas.

From the mines of these various diamantiferous districts have been derived the

enormous number of diamonds, often of large size and great beauty, which, in the course of

centuries, have slowly accumulated in the treasuries of Indian princes or have been used in

the gorgeous adornments of idols, sacred shrines, and temples. Up to the tenth century

almost all the diamonds discovered remained in the country, and it was not till the invasion

and plunder of India by other nations that any portion of these treasures was carried away,

first into other eastern countries and subsequently into Europe. The first of these

occasions was the invasion by the Persians under Mahmud of Ghazni, at the end of the

tenth and the beginning of the eleventh century. The magnificence and number of the

diamonds amassed in India at that time is related by Ferishtah, the Persian historian of

the rise of the Mohammedan power in India. We learn from his account, which was

published in 1609, that Mohammed the first, of the Ghuridem dynasty in Persia, who in

1186 founded the Mohammedan rule in India, left at his death 500 muns (= 400 lbs.) of

diamonds ; all this enormous treasure he had amassed during the thirty-two years of his

Indian sway.

Europeans became acquainted with the riches of India mainly through the writings of

the Italian traveller Marco Polo, who at the end of the thirteenth century spent many years

in Central Asia, China, &c. According to C. W. King, the Portuguese writer Garcias ab

Horto was the first to publish, in 1565, any authentic account of Indian diamonds. Towards

the end of the seventeenth century the French traveller Tavernier made himself intimately

acquainted with the occurrence and mining of diamonds in India, and succeeded in actually

viewing the wealth of precious stones amassed by the Great Mogul, Aurungzebe. Tavernier,

who in the capacity of a merchant in precious stones spent the years between 1665 and

1669 in India, wrote a detailed description of his journeyings about the country, which is

at the present time of the greatest value.

As commercial relations between Europe and the Orient gradually arose and developed,

an increasing number of Indian stones found their way into Europe. The principal Indian

market for diamonds, and indeed for all precious stones, was, and still is, Madras. At the

time of the annexation of India by Britain, a considerable number of Indian stones found

their way into English hands ; this was the fate of the most famous and beautiful of Indian

diamonds, the " Koh-i-noor." Originally the property of the ruler of Lahore, this diamond

passed on the dethronement of this prince into the possession of the East India Company,

by whom it was presented in 1850 to Queen Victoria.

India has now lost all its former fame as a country rich in diamonds ; the most

productive mines have long ago been exhausted, and only the poorer deposits still remain.

During the devastating wars and native struggles for supremacy, many only partially

exhausted mines were abandoned and their very sites forgotten, while from the same cause

the demand for diamonds fell off. Moreover,' the oppressive and unreasonable tribute

demanded by native rulers in former times, and to a certain extent at the present day also,

so crippled the industry that many diamond seekers forsook the mines for more lucrative

employments, to return perhaps under more favourable conditions.

The chief blow, however, to the diamond mining industry of India was the discovery

of the precious stone in Brazil, a country from which diamonds have now been sent to the

market since 1728. There could be no competition between these rich and uuworked

deposits and the Indian mines, whose age can be counted in centuries or even tens of

centuries. More recently, the rich yields of the South African diamond-fields have made a
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profitable mining of the Indian deposits still more impossible. Since in India no new and

rich deposits have been discovered to take the place of the old, worked-out mines, as has

been the case in Brazil, the time cannot be far distant when India must be excluded from

the list of diamond-producing countries.

It has been thought that the diamond-mining industry of India might revive were

mining operations to be in the hands of Europeans instead of in those of the natives.

Several attempts have been made in this direction, but up to the present have been attended

with but little success. The mines most suited for experiments of this kind are those

situated in districts directly under English control, namely the Chennur mines in the Penner

valley, and those of Karnul and Nandial, Sambalpur, and Chutia Nagpur. Though the

economic, social, and legislative conditions even here are none too favourable for the under-

taking and carrying out of systematic work, they are less adverse than in districts under the

sway of native rulers, such, for example, as those in which the Golconda and the Panna

groups of mines are situated, and which are very inaccessible to Europeans. As the

geological structure of the country is worked out and becomes better known, it is possible

that new occurrences of the diamantiferous beds may be discovered, though it must be said

that at present there is no immediate prospect of such discoveries.

The insignificance of the annual output of Indian diamond-mines has already been

commented upon ; the proportion of these stones which reaches the European markets is

still more insignificant ; indeed, it is doubtful whether any appreciable number leave the

country at all. This state of affairs finds its parallel in the times preceding the eleventh

century ; now, just as then, the stones are kept in the country to satisfy the passion for

gems of the great Indian princes and magnates. Another inducement to dealers to keep

the stones in the country is the fact that they will frequently make a higher price there

than in the European markets, where they must undergo comparison with the treasures of

the whole world and where the price is regulated by the inexorable laws of supply and

demand. So brisk is the demand for diamonds in the Indian markets that the native

supply is barely sufficient, and many foreign stones are imported, especially from the Cape.

There are not many detailed statements of the mineralogical characters of Indian

diamonds ; a few, however, have been collected and are given below.

It is often stated that the usual crystalline form of Indian diamonds is that of the

octahedron, while that of Brazilian crystals is more often the rhombic dodecahedron, the

two being often distinguished as the Indian and Brazilian types respectively. This view,

however, is not in complete agreement with some recent scientific investigations of stones

which are certainly known to have been found in India. It appears on the contrary that

the octahedral form is seldom seen in India, the more characteristic forms being the

tetrakis-hexahedron and the hexakis-octahedron. Of fourteen crystals of diamond in the

Museum of the Geological Survey of India at Calcutta, which were examined by Mr. F. R.

Mallet, nine show a tetrakis-hexahedron alone, two show this form with subordinate faces of

the octahedron, two are octahedra in combination with a tetrakis-hexahedron, and one is an

octahedron in combination with the rhombic dodecahedron. A tetrakis-hexahedral form is

thus present in thirteen of these fourteen crystals, and on eleven of them it occurs singly or

predominates over other forms ; on the other hand, the octahedron is present on five crystals

only, and on only three of these does it predominate. Of the fourteen crystals examined,

five were from the Karnul district (four tetrakis-hexahedra and one octahedron with tetrakis-

hexahedron), one from Sambalpur (tetrakis-hexahedron with octahedron), four from Panna

(much distorted tetrakis-hexahedra), the remaining four being said to have come from Simla.

Also of thirty-one Indian diamonds in the mineralogical collection at Dresden only six are
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octahedra, while octahedral faces are present on only two or three more ; the majority show

the form of a hexakis-octahedron, and a few also that of the rhombic dodecahedron.

The crystalline form of the stones found in different districts, when known, has been

mentioned above under the special description of each district.

That large diamonds in considerable numbers were formerly found in India has already

been stated ; a detailed description of the largest and most beautiful will be given in a

separate section devoted to the consideration of famous diamonds. The stones found at

the present day are usually of small size, so that in this respect also the finds of the present

day do not compare favourably with those of earlier times ; large stones are, however,

occasionally met with even now, as is shown, for example, by the discovery of a stone

weighing 67f carats at Wajra Kanu* in 1881.

With respect to the quality of Indian diamonds not many detailed accounts are

available. Though reports dealing with single mines may mention the existence of stones

of poor quality, yet, as a general rule, Indian stones rank high in the possession of the most

desirable qualities. An Indian stone often shows a combination of lustre, purity of water,

strength of fire, and perfect " blue-whiteness " of colour, such as is absent from Brazilian and

South African stones. Moreover, India can claim for its own all the finely-coloured stones

of blue, green, and red, not however yellow diamonds, which come mainly from South

Africa.

2. BRAZIL.

Diamonds were first discovered in Brazil about the year 1725, in the neighbourhood ot

Tejuco, which is situated in the State of Minas Geraes. According to the usual accounts

they were first found during the gold-washing of the auriferous sands of the Rio dos

Marinhos, a tributary on the right l>ank of the Rio Pinheiro. The glittering of the stones

attracted the attention of the gold-washers, although they were ignorant of their real nature.

The stones were collected and taken occasionally (1728) to Lisbon, where they came under

the notice of the Dutch consul, who recognised them to be diamonds of the best quality.

Then began an eager search all over the district, but specially in the water-courses, and

it was found that all the streams and rivers there were more or less rich in diamonds. The

Portuguese government claimed the stones as crown property, and marked out a definitely

bounded diamantiferous district, called the Serro do Frio district, which was to be under its

own control, and subject to special laws and regulations preventing the ingress of unlicensed

diamond- seekers, while a strict military supervision forbad any dishonesty among the

workers.

More extended search showed that diamonds were not confined to the district of Serro

do Frio ; numerous important discoveries were made in various parts of Minas Geraes and

in other States, namely, in Sao Paulo and Parana towards the south, in Goyaz and Matto

Grosso in the west, and towards the north in Bahia and perhaps also Pernambuco. Dis-

coveries of new and rich deposits have from time to time been made up to a quite recent

date, so that it may be safely assumed that further discoveries are in store in the future,

such discoveries being the more probable on account of the fact that many of the diamond-

fields hitherto worked are situated in districts almost wholly unexplored.

Up to the present time the State of Minas Geraes has maintained its reputation as an

important diamond-yielding region in spite of the fact that, owing to long years of mining

operations, its present yield is now much reduced, especially when compared with the yield

of the years immediately following the first discovery of diamonds. The place of Minas

Geraes, as the State from which the richest yields are derived, is now taken by the State of
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Bahia, which came into special prominence in the later decades of the nineteenth century.

The yield of other States, compared with that of the two above mentioned, is unimportant,

but all are as yet too little explored to permit of a final opinion as to their capabilities.

Fig. 34. Diamond-fields of Brazil. (Scale, 1 : 10,000,000).

Minas Geraes and Bahia are, however, the only States of commercial importance in respect

to the amount and continuity of their production of diamonds, it being doubtful whether

stones are found in anything but insignificant numbers in other States.

The important diamond-bearing districts of Minas Geraes and Bahia are shown in the

accompanying map (Fig. 34) taken from Boutan. It is proposed now to deal with Brazilian

occurrences, taking the different States in the order of their relative importance, and treating
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Fig. 35. Diamond-fields of the Diamantina district, Brazil. (Scale, 1 : 600,000).

them with more or less fulness according to the greater or less detailed character of

published accounts. We will begiu with the long famous localities of Minas Geraes, of

which the majority have been very fully examined, and which, to a certain extent, serve as

a type of those which follow.

It is usual to distinguish four diamond-fields in the State of Minas Geraes, namely,
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those of Serro do Frio or Diamantina, Rio Abaete, Bagagem, and Gräo Mogol ; of these,

the first, that of Serro do Frio or Diamantina is the most important.

A sketch-map, after De Bovet, of the district of Serro do Frio or Diamantina, is

given in Fig. 35. The area is roughly elliptical in outline, the longer axis, stretching from

Serro in the south to the Rio Caethe Mirim in the north, being about fifty miles in length

;

while the shorter axis, from the Rio Jequetinhonha in the east to a line drawn parallel to

the Rio das Velhas through the villages of Dattas and Parauna, is about twenty-five miles.

It is a wild mountain district traversed by the northern end of the Serra do Espinhaco

;

this mountain range runs parallel to the meridian, and forms the watershed separating the

Rio de Säo Francisco and its tributary the Rio das Velhas from the Rio Jequetinhonha and

the Rio Doce. The district forms, roughly speaking, a plateau, the rugged margins of which

are cut by deep, steep-sided valleys. The principal town, Tejuco, which since the discovery

of diamonds has been known as Diamantina, is situated at a height of 4000 feet above sea

level and in latitude 18° 10' S. and longitude 43° 30' W. of Greenwich ; the district of

which it is the capital is now usually known by the same name.

The diamonds occur both on the plateau itself and in the valleys which cut into it

;

the richest and best known of these river valleys is. that of the Rio Jequetinhonha, with its

two branches Jequetinhonha do Campo and Jequetinhonha do Matto (Rio das Pedras) rising

in the Serro do Itambe. The general direction of this river is south-west to north-east, its

mouth is in the Atlantic seaboard, near to Belmonte, the latitude of which is about 16° S.,

and in the lower part of its course it is known as the Rio Belmonte. It yields diamonds

from its source down to Mendanha, the stones being found not only in the main river but

also in its tributaries. While the tributaries on the right bank, such for instance as the

Rio Capivary and Rio Manso, which do not rise on the plateau of Diamantina, are poor in

diamonds, the tributaries of the left bank which have their sources on this plateau are rich

in diamonds, the Ribeiräo do Inferno, Rio Pinheiro, Rio Caethe Mirim, and to a less degree

the Rio Arassuahy, being worthy of special notice. Other important diamond-bearing

streams are a few small water-courses flowing westward from the plateau directly or indirectly

into the Rio das Velhas, a tributary of the Rio de Säo Francisco ; of these may be

mentioned the Rio das Dattas, Rio do Ouro Fino, Rio do Parauna with its tributary the

Ribeiräo do Coxoeira, and especially the Rio Pardo Pequena, which has yielded a large

number of extremely beautiful stones, and is probably, after the Jequetinhonha, the most

important of all.

Next in importance come the deposits of the Rio Jequetahy and the Serra de Cabrol to

the north-west of Diamantina ; these are separated from the deposits previously mentioned

by a zone from which diamonds are absent. With these deposits may be mentioned a

small working in the Jequetinhonha valley, about sixty miles below Diamantina. An
occurrence which is remarkable in being completely isolated from the other diamond-yielding

localities is that at Cocaes, where a few small diamonds have been found ; this is situated

considerably to the south of Diamantina, and only thirty miles north of Ouro Preto, the

capital of the State of Minas Geraes.

Another locality which must be specially noticed is the basin of the Rio Doce, on the

east side of the Serra do Espinhaco. The river basin is separated from the rich diamond

district of the Rio Jequetinhonha by only a narrow mountain ridge, but in spite of this close

proximity, only an insignificant number of stones have been found here, the explanation of

which will be given later.

To the west of the Diamantina district is the Rio Abaete, a tributary on the left

bank of the Rio de Säo Francisco ; this river is fed by the Rio Fulda and Rio Werra, and
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on the left bank by its tributary the Rio Andrada. Into the Rio de Säo Francisco flow
also the Rio Indaia, the Bambuy, the Barraehudo, as well as the Paricatu, with its tributaries

Santo Antonio, d'Almas, de Somno, de Catinga, de Prata, and others. The diamonds of
this region were discovered by unlicensed searchers (garimpeiros) in 1785, who worked at
first without a concession

; in the Rio Abaete they found one of the largest of Brazilian
diamonds, which weighed 138J carats. Although in 1791 there were as many as 1200
licensed workers at the place, the deposits seem to have been very quickly worked out
subsequent to the year 1795, and in 1807 work here practically ceased.

This district embraces a stretch of country on the eastern slope of the Serra da Mata
da Corda, about 300 miles long, and it is here that the rivers mentioned above have their

sources. On the western side of the same range, still in Minas Geraes, but near the border
of the State of Goyaz, is the district of Bagagem, having about the same length as the
district of the Rio Abaete, the two districts having together a width of about 250 miles.

The whole area embraced by these districts, though it has been only partially explored, has
yielded a large number of diamonds, many of which are of considerable size. These include

a stone of 120§ carats, and also the famous " Star of the South," the largest of Brazilian

diamonds, which was found in 1853, and in its rough condition weighed 254J carats.

A new diamantiferous deposit, which, however, does not appear to be very rich, has

recently been discovered and worked in the district at Agua Suja, about twelve miles south

of Bagagem. The diamonds are here associated with blocks of rock, identical with that

which occurs in situ not far away, together with much magnetite and also ilmenite, decom-

posed perofskite, pyrope, and rutile. Some of these minerals, more especially the perofskite

and pyrope, have not hitherto been found associated with diamond at any other Brazilian

locality. This association of minerals recalls the mineral constituents of the " blue ground "

of Kimberley in South Africa, which will be described later, as will also the various minerals

hitherto found in Brazil associated with diamond.

One other diamantiferous district in the State of Minas Geraes remains to be mentioned,

namely, that of Gräo Mogol (Gräo Mogor), which is situated about 180 miles north of

Diamantina, in a mountain range to the north-west of, and on the left side of, the Rio

Jequetinhonha. Although this district was first searched in 1813 diamonds were not found

here until 1827 ; it is remarkable as being the only locality at which diamonds occur in the

solid sandstone, which, at one time, was thought to be their original mother-rock. Though

the yield from this district is now small, it was formerly rather considerable, 2000 people

being employed in the industry in 1839.

The geological relations of the diamantiferous districts of the State of Minas Geraes,

especially that of Diamantina, have been frequently investigated, and, at least in the case of

the latter, are fairly well understood, though many doubtful points still await elucidation.

The investigations which have been made are due, at the beginning of the nineteenth century,

to L. von Eschwege ; a little later to Spix and Martius ; in the fifties, first to Heusser and

Claraz and then to Claussen and Helmreichen ; and in recent times to various geologists

resident in Brazil, namely, Gorceix, De Bovet, Orville A. Derby, and others.

We learn from their observations that the principal rock in the Serra do Espinhaco is

usually a thinly laminated sandstone or quartzite, the laminae bearing numerous scales of pale

green mica on their surface. Some of the thin laminae or slabs are so peculiarly constituted

that they can be bent without being broken, such specimens being hence described as flexible

sandstone. The increased size of the quartz grains and pebbles renders the rocks in places

more coarse-grained in character, so that it resembles a conglomerate rather than a sandstone.

This laminated sandstone, which is of great geological antiquity, is usually regarded as a
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sedimentary rock rather than as belonging to the crystalline schists ; it is very abundant in

the Serra Itacolumi, in the southern part of Minas Geraes, and has thus come to be known

as itacolumite. Interbedded with it are clay-slates, and various schists such as mica-schist,

hornblende-schist, haematite schist, &c. The rock is penetrated for short distances by veins

which usually contain crystals of quartz. The beds of itacolumite and associated rocks,

together with the underlying gneiss, mica-schist, and hornblende-schist, are usually inclined

at a steep angle.

On the mountain-tops the itacolumite is overlain unconformably by a younger quartzite.

the bedding of which is less steeply inclined than is that of the underlying rock. It is very

similar in appearance to the itacolumite, and in places it merges into a conglomerate just as

the itacolumite does. From the fact that irregular and angular projections of the lower

rock are covered by the younger quartzite, it is evident that the two rocks are perfectly

distinct, and probably belong to very different periods.

At some places, and conspicuously so in the basin of the Rio de Säo Francisco, the beds

of itacolumite are associated with slates and limestones, in which fossils of Silurian and

Devonian age are found. These slates and limestones have no direct bearing on the occurrence

of diamonds, since, as we shall see later, the itacolumite must be regarded as the diamond

-

bearing rock ; they may, however, serve to determine the geological age, at present unknown,

of the itacolumite when its relation to these rocks has been made out, which has not yet been

accomplished.

We have already seen that the mode of occurrence of the diamond differs in each of

these districts. Three kinds of diamantiferous deposits are distinguished according to their

situation, whether on the plateau or in the valley, and, in the latter case, whether above or

below the present high-water level. These are known respectively as river-deposits, valley-

deposits, or plateau-deposits, according as they are found in the existing water-courses within

the present limits of high water, on the sides of the valley above high-water level, or covering

more or less large areas on the summits of plateaux.

Both the river-deposits and the valley-deposits are without exception constituted of

sands, the plateau-deposits also having in part a similar constitution ; these sands, or alluvial

deposits, consist of debris which has been transported by water, and which contains more or

less rounded rock-fragments, among which the diamonds occur singly and isolated. The

amount of rounding which the rock-fragments have undergone may be regarded as indicating

the distance to which they have been transported from their original situation. In places,

however, the rock-fragments of the plateau-deposits show no trace of having been water-

worn ; when this is the case, such deposits have undoubtedly been formed on the spot they

now occupy, and consist usually of much weathered rock-masses, as will be shown in a special

description of certain plateau-deposits.

An attentive consideration of the distribution of the three classes of deposits leads to

the recognition of a certain connection between them which is of some interest. The various

diamond-bearing districts of the plateau are at the same time the collecting grounds of the

diamantiferous streams and rivers ; it is a natural conclusion then that the stones now found

in the sands of the river valleys have been carried there, together with sand, gravel, and other

debris, from their original situation on the plateau by these same rivers and streams. This

is especially the case in the neighbourhood of the town of Diamantina, which stands on a

plateau, the surface beds of which consist of diamond-bearing rock. The rivers which have

their sources in these rocks are in their lower courses rich in diamonds, whereas in other

rivers, such, for example, as the Rio Doce and its tributaries, which rise among rocks from

which diamonds are absent, no diamonds are to be found.
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The connection thus existing between the deposits of the plateau and those of the
valley leads to the view that the mineral associations of diamond, whether they occur
on the hills or in the valleys, are essentially the same over the whole of Minas Geraes. The
material of these deposits consists mainly of grains and fragments of the surrounding rocks,

from the weathering of which they have been derived, and includes besides the diamonds
various minerals which may be in a fresh unaltered condition, or more or less weathered and
decomposed. The mineral most frequently and abundantly present everywhere is quartz, of

which the transparent and colourless varieties occur, as well as the compact varieties such as

hornstone, jasper, &c. All three modifications of titanium dioxide, namely, rutile, anatase,

and brookite are met with, the last being represented by the variety known as arkansite ;

crystals of anatase are sometimes completely altered to rutile, while preserving at the same
time their own external form ; these pseudomorphs are known in Brazil as " captivos."

Other minerals found in the deposits are oxides and hydroxides of iron, especially magnetite,

ilmenite (titaniferous iron-ore), haematite, haematite having the external crystalline form of

magnetite (the so-called martite), and limonite; also iron-pyrites, either unchanged or

altered into brown hydroxide of iron (göthite), tourmaline, various kinds of garnet, fibrolite,

lazulite, psilomelane, talc, mica, yttrotantalite, xenotime and monazite, kyanite, various

complex hyd rated phosphates (goyazite, &c), diaspore, staurolite, sphene, and topaz, both

white and blue but not yellow. In addition to diamonds, gold is frequently washed for,

and is associated with platinum, the latter, however, not in sufficient quantity to be of any

commercial importance. Some of the minerals mentioned above are distinguished in the

district by local names ; thus the black rounded pebbles of tourmaline are known as " feijas
"

(that is, black beans), and the brown pebbles, consisting of a hydrated phosphate, or of

titanium or zirconium oxides, are called " favas '"" (that is, broad beans).

The minerals mentioned above are not of equally frequent occurrence ; the most

constant associates of diamond, after the different varieties of quartz, are the oxides of

titanium (rutile, anatase, and brookite), haematite and martite, pebbles of black tourmaline,

and specially xenotime and monazite. Even these, however, occur in varying abundance

and frequency at different places ; thus the same minerals do not occur associated together

in the same way in every river, nor indeed in every part of the same river, this depending

on the fact that the lighter minerals are transported at a greater rate than the heavier, and

that some are more liable to be altered and reduced to powder than are others.

It should be mentioned here that while in the deposits of Salobro, in Bahia, corundum

is found associated with diamond, it is entirely absent from the State of Minas Geraes.

Diamond-diggers are guided to a certain extent in their search for the precious stone

by the presence or absence of the minerals usually associated with it, which they refer

to as the formation. While by reason of their more sparing occurrence and small size

diamonds may easily be overlooked, the associated minerals occur usually in larger and more

conspicuous crystals and fragments, and are therefore more readily seen. Where the

" formation " is absent a search for diamonds is useless, and never undertaken, since they are

never found apart from their associates. It by no means follows, however, that diamonds are

to be found wherever the " formation " exists ; they may be altogether absent, or present in

numbers insufficient to pay for the labour of working.

The different constituents of the ' k formation " are not regarded alike by the diamond-

diggers. Those to which a special importance is attached, as being certain indicators of the

presence of diamonds, are tourmaline pebbles (" feijas "), the oxides of titanium (especially

anatase, less so rutile and brookite), iron oxides (magnetite, ilmenite, haematite, and

limonite), the phosphates (" favas "), &c. ; other minerals, such, for instance, as lazulite, are
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considered unimportant. Opinions on this matter naturally vary, and are to a certain

extent arbitrary, but it may be taken as a safe rule that the presence of those minerals,

which are most constantly associated with diamond, is an indication which must not be

disregarded.

We now pass to a more detailed consideration of the three classes of diamond-bearing

deposits, namely those of the rivers, valleys, and plateaux, as they occur in the district of

Diamantina and elsewhere in Minas Geraes.

The river-deposits are the richest of the three ; they are found in the valleys below

the existing high-water level, and at the present time are the only deposits of importance,

not only in this district but also in the whole of Brazil, and this in spite of the fact that

the average size of the stones so found is smaller than that of the diamonds of other

deposits. In connection with the question of size, it is remarkable that stones found in the

lower courses of a river are smaller than those in the upper part, and that eventually a point

is reached in the river course at which the diamonds disappear altogether. This is strikingly

shown in the Rio Jequetinhonhaand other rivers, in which, 60 miles below Diamantina, only

very small stones are to be found. In these rivers the material of the diamantiferous deposit

is much rounded, more so than in others ; the edges and corners of the diamonds are also

considerably worn. The fact that the stones diminish in size the farther down the river

they are found can easily be explained, when it is considered that material transported by

water becomes more and more worn as the distance over which it travels increases.»

and, moreover, that the smaller the stones become, the more easily are they transported

by water and the greater will be the distance they are carried from their original

situation.

The diamantiferous debris which lies in the beds of the rivers and the bottom of the

valleys consists mainly of rounded fragments of rocks and quartz brought down by the

streams and rivers from their sources and upper reaches. This debris is usually mixed with

clay to a greater or less extent, the resulting material in the state in which it is worked for

diamonds being known to the diamond-diggers as cascalho. This is usually loose and

incoherent, showing no signs of bedding ; at times, however, it has a firmer consistency due

to the presence of the clay. The upper portion of the mass is sometimes bound together.

to a greater or less depth, by a ferruginous cementing material so as to form a conglomerate.

This conglomerate, consisting largely of rounded quartz grains and pebbles, occurs in

extensive beds or in isolated blocks known as " tapanhoacanga," or " canga,
11

which may
enclose crystals of diamond. Such a fragment of conglomerate, with a diamond embedded in

it, is represented in Plate I., Fig. 1 ; similar specimens are often exhibited in collections as

examples of the occurrence of diamond in its mother-rock, a view which, as we have seen,

is incorrect.

The " cascalho
,1
of the diamond-diggers thus contains the diamond with its associated

minerals as a finer constituent, and rounded rock-fragments as coarser material, the whole

being intermixed with clay or with limonite, which may cement the material together into a

more or less firm mass. This material lies in the beds of the water-courses resting

immediately on the solid rocks beneath ; in a few instances, however, the rich diamond-

bearing " cascalho," the " cascalho virgem " of the Brazilians, extends upwards to the

surface through the whole of the fluviatile deposits. It has a very variable thickness, and

is usually covered by a layer of material from which diamonds are absent, the so-called

" barren cascalho
11

; this upper layer varies in thickness, from a few centimetres to twenty or

thirty metres ; in its lower portion it usually consists of an accumulation of larger rock-

fragments. The " barren cascalho " is constituted of materials similar in character to those
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of the more deeply situated diamond-bearing layer, to reach which it is necessary to divert

the water which flows over the barren layer.

Although the diamantiferous " cascalho " is spread fairly uninterruptedly over long
stretches of the beds of streams and rivers, yet its distribution over the whole course of the

river is by no means regular. Here it may be accumulated in masses of great thickness,

there to only a sparing amount, while in a third place it may be altogether absent.

Moreover, the number of diamonds present in the material varies in different rivers,

and in different parts of the same river ; it is recorded of certain rivers in the Diamantina
district, however, that the diamonds were so regularly distributed through the " cascalho "

that it was possible to estimate with accuracy the weight in carats of the precious

stone which a certain amount of this material would yield; this case is, however, very

exceptional.

A large accumulation of specially rich " cascalho " at one particular point is the result

of the presence of certain conditions which exist only at that point ; such an accumulation

is sought for with eagerness. In the beds of the rivers cylindrical holes of greater or less

depth are sometimes bored in the solid rock by the action of the running water, such pot-

holes or "giants'
1

kettles" being formed in the same way in many other parts of the world. In

addition to these, long channels, hollowed out of the bed of the water-course, and following

its course for a certain distance, or running obliquely across it, are also to be met with,

and are sometimes known as " subterranean canons." Such hollows in the bed of a stream

occur where the water has passed over softer beds, these being worn away to a greater depth

than are the surrounding harder rocks. The hollows so formed may be small or of

considerable size, and are often filled up with a specially rich " cascalho." In a small

hollow in the bed of the Ribeiräo do Inferno, which joins the Jequetinhonha near

Diamantina, 8000 to 10,000 carats of diamonds were found, the neighbouring part of the

river-bed being very poor. Again, in a small pot-hole in the bed of the Rio Pardo, diamonds

to the weight of 180 carats were obtained by four negroes in the short space of four days.

Again, the three mines ill the valley of the Jequetinhonha, which recently have been

specially prolific, namely, S. Antonio, with Canteiras above, and Acaba Mundo below, the

mouth of the Ribeiräo do Inferno, were worked in depressions of the nature of channels or

" subterranean canons " in the river-bed.

The valley-deposits (" gupiarras " of the Brazilians) are, as a rule, of small extent

;

they are formed of the same material as are the river-deposits, and the diamonds are

associated with the same minerals. This deposit is also known as " cascalho," and sometimes

also as " gurgulho "
; the latter term, however, is more often applied to the material of the

plateau-deposits. The valley-deposits also follow the direction of the present water-courses,

being situated at the sides of the valley above the present high-water level ; they are, as a

matter of fact, river-deposits laid down at a time when the bed of the river had not been

excavated to the extent it now is. In many cases the successive levels of the former beds of

the river are marked out on the sides of the valley by a series of such deposits or river-

terraces.

The material of these terraces is much less worn than is that in the bottom of the

valley. As a general rule, it is found that the rounding of the rock-fragments is the more

pronounced the lower is the level of the terrace in which they occur, and further that the

material of any given terrace becomes more worn the further it is deposited from the source

of the river. At the bottom of the same valley in which river-terraces are to be seen is the

present bed of the river with its deposits, the material of which is more worn and rounded

than that of any of the valley-deposits. It is therefore possible by means of this difference
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for a person acquainted with the region to distinguish a small sample of river-deposit from

one of valley-deposit.

The " cascalho "" of the valley-deposits rests, as a rule, not directly upon the solid rock,

but upon a variously-coloured layer of fine sand mixed with clay ; this is not of any great

thickness, and is called " barro.
11

It also contains diamonds, and passes gradually, with no

sharp line of demarcation, into the " cascalho " above. The "barro,
1 '' however, is always

distinctly bedded, while the true " cascalho,"'
1 whether on the sides or the bottom of the

valley, shows no signs of bedding. It is often, but not invariably, covered by a layer of red

muddy earth.

The " cascalho
,1

of the sides of the valley is usually less rich in diamonds than is that

found at the bottom ; the stones it does contain, however, are less worn and rounded, and

relatively larger than those found in the present river-bed.

Plateau-deposits are found at numerous spots on the hills near Diamantina, and in

other diamantiferous districts of Minas Geraes. A rich yield of diamonds was obtained

from many of these in former times, but at the present day a few only are worked, and these

are of less importance than are the river-deposits.

On the hills near Curralinho (Fig. 35), between the Rio Jequetinhonha and the town

of Diamantina, lying about due east of the latter, are the rich mines Bom Successo and Boa

Vista. On the plateau south-west of Diamantina, and between the basins of the Rio

Pinheiro and the Rio Pardo Pequena, are the mines La Sopa and Guinda, which are now
being worked, there being here two diamond-bearing beds of different ages one above the

other.

Further on in the same direction, and about twelve miles west of Diamantina, in the

district where the Rio Caethe Mirim and the Rio Pinheiro take their origin, are the specially

noteworthy deposits of Säo Joäo da Chapada, which will be described below. A little to

the south of this place, in the neighbourhood of the source of the Rio Ouro Fino, are the

diggings of La Chapada, which were formerly very rich, and are now only partially

exhausted.

As regards the character of the plateau-deposits, the material of which they consist is

very similar to that of the river-deposits, differing from it, however, in the presence of a

larger proportion of the heavier of those minerals usually associated with diamond. This is

to be expected, seeing that the lighter materials would be the more easily carried awav by

running water, and the heavier minerals more liable to be left behind. Thus we find the

oxides of titanium and of iron present in great abundance, though even here the amount is

exceeded by that of the different varieties of quartz. The material of these plateau-deposits

is known as gurgulho, it occurs usually in horizontal beds, and is built up of coarse blocks of

the surrounding rocks, with a more or less red clayey earth. In this material the diamond

and its associated minerals are embedded ; so indiscriminately, however, is everything

coloured by the red clayey earth that it is impossible to distinguish one mineral from

another until the material has been washed. In some deposits the earthy material has been

removed by a natural process of washing, and here the diamonds and their associated

minerals are from the first distinctly seen. The rock and mineral fragments in the
" gurgulho" are very slightly, if at all, rounded, and the diamonds themselves still

preserve their perfectly sharp edges and corners, and the original natural characters of

their faces.

The proportion of diamonds and their associated minerals present in a given weight of

the material is rather smaller in " gurgulho " than in other deposits, but the average size of

the stones is greater. The distribution of the diamonds is sometimes very irregular, large
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numbers, aggregating in weight up to 1700 and 2000 carats, being found in a single small

nest, while few, if any, in a considerable area of the surrounding " gurgulho.
11

Under the diamond-bearing " gurgulho,
11 and resting immediately upon the solid rock,

there is usually a layer of clay, in which also a few diamonds are to be found. Above the

"gurgulho," just as in the valley deposits, is a layer of red clay of varying thickness,

from which diamonds are absent. When this layer is absent, as it sometimes is, the
" gurgulho " forms the actual surface of the ground and is covered by vegetation. It is

said that the observation of diamonds attached to the roots of plants, scratched up to

the surface by fowls, or picked up by children at play, has led to the discovery of rich

deposits.

Plateau deposits at other places, such as, for example, Sao Joäo da Chapada, on

the plateau of Diamantina and about twenty miles west of this town, differ very widely

from those just considered. The mines here are situated on the watershed between the

Rio Jequetinhonha and the Rio das Velhas, and on the prolongation of the straight line

which connects the important deposits of Boa Vista, on the hills near Curralinho (Fig. 35)

with those of La Sopa. These deposits were discovered in 1833. Extensive workings were

carried on for a long period, but were finally discontinued owing to the exhaustion of the

deposit. In spite of this the place remains extremely important from the scientific point

of view, for here may be gathered data which afford material help in solving the problem

as to the nature of the original mother-rock of diamond in this region.

The diamond occurs here in variously coloured clays, which lie in a trench 40 metres

deep, 60 to 80 metres wide, and 500 metres long, somewhat resembling a deep railway

cutting. These clays are distinctly bedded, being inclined 50° to the east, and regularly

and conformably interbedded with them are beds of itacolumite inclined at the same angle.

All the strata, the clays as well as the itacolumite, are penetrated by numerous small veins

filled for the greater part with quartz (rock-crystal), rutile, and haematite.

The yield of diamonds from these clays was very variable, but on the whole the deposit

was considered poor. Tschudi, who visited the place in 1860, reported that in his presence

forty-four carats were obtained in two hours, while on another occasion only ten small

stones were found in twelve tons of material. The associated minerals are the same as

elsewhere, the three just mentioned being specially abundant. It is a noteworthy fact, that

where the associated minerals occurred in abundance there diamonds were plentiful, but

where, on the other hand, the minerals were present to only a sparing extent, diamonds

also were hard to find.

The minerals associated with the diamond are present at this locality in less proportion

than in the ordinary " cascalho " or " gurgulho,
11 and the same is true also of the diamond

itself. As has already been mentioned, the minerals which occur most frequently are

quartz, haematite, and rutile, other oxides of iron and of titanium, tourmaline, &c. All are

found, like the diamond itself, in perfectly sharp crystals. Even the softest of the minerals

found here have preserved intact the sharpness and angularity of their edges and corners.

None show any indication of having been transported by running water.

These circumstances have led those who have personally investigated the deposit,

namely, Orville A. Derby and Gorceix, to the conclusion that here, in these beds, the

diamond is seen in its original home, and that here, in the quartz-veins by which the rocks

are penetrated, it slowly took on the shape and form in which we now know it. Although

no diamond has ever been found actually in a quartz-vein, yet the minerals associated with

it occur in such situations with great frequency, and their constant association with the

diamond, not only here but at all other localities of Minas Geraes, seems to point to a
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common origin for both. The fact that the diamond itself has never been found in a

quartz-vein may perhaps be explained by the extreme rarity of its occurrence as compared

with that of other minerals. The clays in which the precious stone lies, are decomposition

products of the rocks which were originally penetrated by the quartz-veins, and which, like

the surrounding schistose rocks, have been reduced to their present state of disintegration

by exposure to the action of weathering agencies.

The deposit at Cocaes, near Ouro Preto, appears to be very similar to that at

Säo Joäo which we have been considering. The diamonds here occur at a height of

1100 feet above sea-level, on a plateau of itacolumite overlying mica-schist and beneath

this granite-gneiss. The minerals here associated with diamond are quartz, ilmenite,

anatase, rutile, magnetite, haematite, martite, tourmaline, monazite, kyanite, fibrolite,

and gold. Of these minerals the first three in the list predominate, and quartz only

occurs in rounded fragments. Since the diamond and its associated minerals occur here

in a belt running east and west, it is possible that here also they have been derived from

a mineral vein similar to many carrying gold and other minerals, which traverse the district

of Minas Geraes in an east to west direction.

The occurrence at Grao Mogol, in the district of Minas Novas, is of a different tvpe

again. This town is situated in the extreme north of the State of Minas Geraes, on the

left or northern bank of the Rio Jequetinhonha and about 190 miles north-east of

Diamantina. As well as in the normal " gurgulho,"" diamonds are here found in a solid,

compact, conglomeratic sandstone containing much green mica, especiallv along the planes

of bedding. According to some accounts this is to be regarded as a single, isolated,

sandstone block of enormous size ; others, however, attribute to the diamond-bearing rock

an extension of 300 to 400 metres. This deposit was discovered in 1833 and was worked

in the thirties and forties, fragments of the sandstone being detached by means of blasting

powder. All the fragments of sandstone with embedded crystals of diamond, which are

sometimes, though rarely, to be seen in mineralogical collections, have come from this

locality. Such specimens are not, however, in all cases genuine, for the crystals of diamond

have sometimes been artificially set in the rock.

This diamond-bearing sandstone has been, and is now by some geologists, considered

to be itacolumite. Those who hold this view regard the sandstone or itacolumite as the

original mother-rock of the diamonds now found in it, it being considered that they are as

truly constituents of the rock as are the quartz-grains. Later and more detailed examination

has, however, rendered it probable that this sandstone is not itacolumite but the more

recent quartzite, such as we have seen to be superimposed unconformably in the Serra

do Espinhaco on the beds of itacolumite. This quartzite, although very similar in general

appearance to itacolumite, is yet geologically quite distinct and probably of a much later

date, having no doubt been formed of material derived from the weathering of the

diamantiferous itacolumite. Which of these two views is the more correct has not yet

been definitely decided. If the rock be really itacolumite, the origin of diamond at this

place will differ from that at Säo Joäo ; if, on the other hand, it should be the later

quartzite, which is more probably the case, then its occurrence here is in complete harmony

with that at Säo Joäo, for the later-formed quartzite must of necessity contain not only

the constituents of itacolumite but also the minerals, including the diamond, which filled

the veins by which it was penetrated, as is in fact the case.

A comparison of the different diamantiferous deposits leads inevitably to the conclusion

that each may be regarded as typical of some one stage in the development of a single

process.
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Thus at Säo Joäo da Chapada, and elsewhere on the plateau, we see the diamond still

at the place and in the rock in which it was originally formed, though the latter has been,

in part at least, altered by weathering to a soft clayey mass. In such a case we may
distinguish the deposit as original or primary.

Other plateau-deposits, where the rock-fragments are but slightly, if at all, rounded,

must have been laid down at an early period when the plateau had been eroded by water-

courses to only a slight extent and before the present valleys came into existence. The
diamonds and their associated minerals were indeed carried away by water from the

disintegrated mother-rock
r

in which at Säo Joäo they still remain, but they were

re-deposited at spots not very far distant, as is proved by the fact that they are so little

water-worn. The diamonds and other minerals were probably re-deposited on the floors

of shallow lakes, a hypothesis which would account for the bedding of the material in

which they occur. Such deposits are described as secondary or derived.

The slow but never ceasing erosion of the plateau by streams and rivers resulted in

the course of ages in the formation of the valleys of the present day. Here, high up on

the sides of the valley, the most ancient deposit marks the level of the original river-bed.

The material for this deposit was derived partly from the primary or original deposit and

partly from the secondary plateau- deposit. Some of the diamonds of the oldest valley-

deposits have therefore changed their situation twice, and the material, having undergone a

second transportation, is therefore more appreciably rounded. As the rivers carved out for

themselves deeper and ever deeper channels, so fresh deposits were laid down, the material

of each successively lower level being more and more water-worn, until the wearing down

process culminates in the much rounded material of the present river-bed. The older

valley-deposits are now to be found forming the terraces high up on the sides of the

present valleys, while those in the present river-bed itself constitute the deposits described

above as the river-deposits.

What has been said above with regard to the original mode of occurrence of

diamond in Minas Geraes may be summarised as follows: The home of the diamond is

located in those portions of the plateau -deposits in which the diamantiferous rivers take

their origin. The diamonds gradually decrease in size and number and finally disappear

further down the valleys. The rock, which is in situ in the neighbourhood of the plateau-

deposits, is everywhere itacolumite, interbedded with schists and covered by the younger

quartzite. This itacolumite is evidently the source from which the diamonds and the

material in which they are found have been derived. So much was established by L. von

Eschwege as early as the beginning of the nineteenth century ; this observer noticed that in

the Diamantina district diamonds were found only in those rivers, such, for example, as the

Rio Jequetinhonha, which flow down the western slopes of the Serra do Espinhaco which

are formed of itacolumite, and that, on the other hand, no diamonds are found in those

rivers, such, for example, as the Rio Doce and its tributaries, which rise on the eastern

side of this range, these slopes being formed of gneiss, mica-schist, &c. As has been

already pointed out, those rivers which flow through strata composed of itacolumite are

diamantiferous, while in those flowing through districts from which itacolumite is

absent no diamonds are found.

The occurrence of the minerals associated with diamond, especially the most important

of them, such as quartz (rock-crystal), oxides of iron and of titanium, tourmaline, &c, is

also confined to the itacolumite ; they do not, however, occur embedded in the rock but in

the veins, consisting mainly of quartz, by which it and the interbedded schists are penetrated.

The circumstance that the diamond is invariably associated with these minerals, and with
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them alone, points to the conclusion that it originated in the mineral-veins, as was first

insisted upon by Gorceix. This conclusion receives additional support from the fact that

Brazilian diamonds, instead of exhibiting a perfect and complete development on all sides

such as is characteristic of embedded crystals, frequently show on one side an area by which

they seem to have been attached during their growth and development, impressions of

quartz-crystals being sometimes seen on such areas of attachment. Moreover, diamonds

have been found enclosed in, or attached to, the surface of crvstals of quartz, anatase, and

haematite, and this could scarcely be explained except on the supposition that these

minerals have all grown together at the same time and in the same vein. It has been

stated by Gorceix that a few diamonds have in places been met with actually in the mineral-

veins themselves, and, though in small numbers, have been extracted ; he compares such

occurrences with that of the yellow topaz found near Ouro Preto in quartz-veins penetrating

decomposed schists. In these districts, then, the diamond is a vein mineral, while in other

localities it is an original constituent of the primitive crystalline rocks.

The precise method of winning diamonds adopted in Brazil depends more or less

upon the nature of the deposit. A diamond-working is known in Brazil as a servigo,

those in a river-deposit being distinguished as " servicos do rio,
11
while those in valley- and

plateau-deposits are distinguished respectively as " servicos do campo 11 and " servicos da

serra.
11 The methods in each case have» changed but little during the whole period the

deposits have been worked ; the greater part of the labour is performed by negroes working

formerly as slaves, but now as freemen.

In the servicos do rio, or workings of a river-deposit, the first step is the diver-

sion of the water in order to lay bare the " cascalho " or diamantiferous material. Only a

small portion of the river-bed is laid bare at a time, the operation being effected either by

cutting a new channel for the river, or by building a dam in the middle of the stream and

parallel to its course, so as to confine the water to a bed one-half its previous width, or by

conducting the water away in wooden channels. After removing the barren detritus from

the surface of the river-bed so laid bare, the diamond-bearing " cascalho
11

is dug out.

This latter is loose and easily worked, but the " canga,
1

' or masses of conglomerate, are often

so compact that blasting must be resorted to, and thus the working becomes more lengthy

and expensive.

The work of excavating the " cascalho " can only be pursued during the dry season,

from May to the end of September, when the volume of water in the rivers is at its smallest.

During these months as much as possible of the diamond-bearing "cascalho
11

is excavated

and conveyed to a higher level, being deposited, however, as near the stream or river as

safety will permit. In the wet season the level of the river rises rapidly and to a marked

extent, thus making the excavation of the " cascalho
11

a matter of impossibility. At this

season the material previously excavated is washed and the diamonds it contains collected ;

the place at which the operation of washing is conducted is known in Brazil as a lavra.

Before the " cascalho
11

is washed, the larger fragments are separated from the finer

material either by hand or by means of a sieve. This fine material is then placed in a

shallow, wooden dish of a special kind, known as a batea, and agitated in running water

;

the lighter and finer portion is thus carried away, and from the heavier remaining part the

diamonds are picked out by hand, the process of washing being all the while proceeding.

The washers exhibit a wonderful skill in distinguishing the smallest diamonds, such as

might easily be overlooked by even a practised eye, from other mineral fragments.

Plate VI. is a picture of the actual working of a Brazilian diamond washing. The
negroes on the left are standing in the stream and washing the " cascalho

11
in their bateas.
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Another party of workers on the right is engaged in filling up the bateas with fresh material
from the " cascalho " heaped up on the banks of the stream, and carrying them down when
filled to the workers standing in the water. The negroes are all the time under the strict

supervision of overseers armed with whips, whose duty it is to urge on the workers and to

guard against thieving ; in order to minimise opportunities for stealing, the clothing of the

negroes is of the scantiest description. Each time a stone is found the worker, by raising

his hand, signs to the overseer, who takes possession of the treasure. This picture in which
the overseers are armed with whips dates back to the days of slavery ; since the emanci-
pation of the slaves such coercive measures have, of course, been discontinued, but otherwise

the system is unaltered.

The servicos do campo on the sides of the valleys above the present high-water

level can be worked at all seasons of the year. The water from a neighbouring stream is

caused to flow over the deposit to be worked ; by this means the surface earth and clay are

carried away and the diamond-bearing " cascalho " is laid bare. Since sufficient water for this

purpose is only to be obtained in the rainy season this part of the work is usually reserved

for that period. The " cascalho " when excavated is washed and the diamonds are picked

out of the concentrate, in the same way as in the " servicos do rio."

In the servicos da serra the removal of the masses of barren sand and earth

covering the "gurgulho" of the plateau-deposits is effected in the same manner, namely, by
the agency of running water. As, however, on the plateau there are no natural water-

courses having a sufficient head of water, it is necessary to construct artificial reservoirs

in which the rain-water may be stored. The water is conducted from the reservoir to

the places at which it is required in wooden channels and the diamond-bearing bed thus

laid bare as far as possible. As in other cases, the " gurgulho " is first washed and the

diamonds then picked out by hanct

In the period immediately following the discovery of diamonds in Brazil, it was the

practice of the Portuguese Government to demand in return for the concession of mining

rights a certain sum for every slave it was proposed to employ, the total number of slaves

so employed to be fixed by agreement. This tax was continually being raised, and so

irksome became the conditions imposed on prospective miners that no one could be found

to undertake the work. Then from the year 1740 concessions were granted on the payment

of a fixed sum, but as the mineral wealth of the country still remained undeveloped, the

mining was taken over altogether by the Government from the year 1772 until the separation

of Brazil from Portugal. The choicest of the stones found in this period therefore found

their way to Lisbon, and were preserved with the Portuguese crown jewels, a collection

which comprises many unique and matchless gems. The larger proportion of the Brazilian

output was bought by merchants and sent to Europe through Rio de Janeiro and Bahia.

In spite of the laws of almost draconic severity levelled against illicit diamond-mining

and trading, there was, besides the Government production, a great deal of surreptitious

mining by unlicensed persons (" garimpeiros ") of which of course no records were made.

It has been estimated, however, that the contraband production was at least equal in

amount to that of the Government. Moreover, a large proportion of the most perfect

and beautiful stones fell into the hands of illicit traders, since a Government employee

would scarcely risk detection for the sake of a stone of average or poor size and quality.

According to other accounts the illicit trade was not of such extent and importance ; in

any case, however, those engaged in it, when relieved from the necessity of meeting the

heavy taxes and high cost of production of the legitimate product, must have found their

transactions verv remunerative.
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In 1834, the year in which the independence of Brazil was established, the Government

monopoly of diamond-mining ceased. Since this date the concession of full mining rights

has been granted to any petitioner on the payment of a small tax, varying in amount with

the area he proposes to work. The landowner is also entitled to demand 25 per cent, of

the rough production, and a duty of \ per cent, is imposed on exported stones.

The negro slaves, by whom the whole of the actual labour connected with the mines

was formerly done, were subjected to the strictest supervision. To minimise the temptation

to conceal valuable stones, the finders of large diamonds received special rewards ; thus, at

one time, the fortunate finder of a diamond of 17| carats received his freedom, but later,

when the price of slaves rose, this custom was dropped. Those slaves, on the other hand,

who were detected in the act of concealing diamonds, were treated with barbaric severity.

As may be gathered from the scene pictured in Plate VI., the whole of the work was

done by hand, the " cascalho
,1
being carried in baskets on the heads of the negroes, and no

attempt made to save time and labour by the introduction of machinery or mechanical

appliances. Even at the present day the same primitive methods are still in use, the

difficulties in the way of the transport of large and heavy pieces of machinery to such

inaccessible regions being almost insuperable. It is always more practicable therefore to

employ hand labour, especially as, in addition to ' previous considerations, there is the fact

that since any one locality is soon exhausted it would be necessary to move the machinery

very often. The occupation of diamond-mining is very lucrative only under exception-

ably favourable circumstances ; as a rule, the working expenses are very high and the losses

by embezzlement considerable.

Brazilian diamonds, when they first appeared in the market, were not favourablv

received by the diamond-buying public, and were asserted to be either not diamonds at all

or inferior stones from India. On this account many Brazilian stones were sent first to

Goa, a Portuguese possession in India, and from thence entered the market as Indian stones.

When this arrangement came to the ears of the Dutch merchants, they at once entered into

a contract by which they secured a monopoly of the trade in Brazilian diamonds, which were

subsequently sent direct from Rio de Janeiro and Bahia to Amsterdam. In consequence of

a treaty entered into at a later date with the English Government, the whole output was

sent to London ; in recent times the majority of Brazilian stones are purchased by French

houses and put on the Paris market.

In the preceding pages the production and occurrence of diamonds in the State of

Minas Geraes, and especially in the district of Diamantina, have been described in some detail,

the total output from this State alone having exceeded that of the rest of Brazil. Other

States in which diamonds occur have been already named ; with the exception of Bahia they

are much less known than is the district of Diamantina ; their production is also much below

that of either Bahia or Minas Geraes and is now probably everywhere at an end ; this being

so, only a short notice of them will be given.

In the State of Säo Paulo, to the south of Minas Geraes, diamonds have been found

in the rivers flowing into the Rio Parana.

In the State of Parana diamonds have been found, more especially in the basin of the

Rio Tibagy. This river runs through the Campos of Guarapuavas and empties itself into

the Rio Parapanema, which is a tributary of the Parana. Diamonds are found also in the

tributaries of the Rio Tibagy, especially the Yapo and the Pitangru, and are everywhere

associated with a somewhat considerable amount of gold. These rivers are remarkable for

the presence in their beds of pot-holes and channel-like depressions, very local in their

occurrence, and often containing a large quantity of stones. Just as in the districts
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previously considered, the diamantiferous deposits may be distinguished as river-, valley-
and plateau-deposits. The discovery of diamonds in Parana was accidental ; the stones
found were invariably small, rarely exceeding a carat in weight ; they were usually, however,
of good colour and lustre. Systematic search was undertaken a few years ago, but the yield
was small and unremunerative, in spite of the considerable amount of gold present ; it was,
therefore, soon abandoned. The stones here are supposed to have been washed out of the
Devonian sandstone through which the rivers mentioned above flow, and the sandstone
itself may have been formed from the weathered debris of itacolumite.

In the State of Goyaz, on the western border of Minas Geraes, diamonds have been
found in the Rivers Guritas, Quebre-Anzol, S. Marcos, and Paranayba. The upper part of
the River Araguaia, bordering on the State of Matto Grosso and its right tributary the Rio
Claro (lat. 16° 10' S., long. 50° 30' W., of Greenwich), and others in Goyaz are specially
rich. The yield from these rivers has been considerable, the diamonds found up to the year
1850 in the Rio Claro alone amounting to an aggregate weight of 252,000 carats valued
at ,£400,000.

In the State of Matto Grosso diamonds have been searched for in some of the rivers

as far as the Bolivian frontier, and in places a rich yield has been obtained. The majority
of the stones have been found in the neighbourhood of Diamantino (not to be confused with
Diamantina, formerly Tejuco, in Minas Geraes), in the district of the source of the Paraguay
and its tributaries, especially the Rio Cuyabä, a tributary on its right bank (lat. 15° 45' S.,

long. 56° W., of Greenwich). The stones from here are usually small and often coloured,

some, however, are of the purest water ; they are distinguished by the possession of a very

brilliant surface, a feature which is usually absent from Brazilian stones. Up to 1850 the

State of Matto Grosso had yielded diamonds to the weight of about 1,191,600 carats valued

at £1 ,850,000.

The geology of Goyaz and Matto Grosso is but little known ; travellers, however, state

that itacolumite is widely distributed; we may therefore assume that the occurrence of

diamond in these States agrees in all essential points with that in Minas Geraes.

With respect to productiveness, the State of Bahia stands second to Minas Geraes

;

while the latter, however, is now for the most part exhausted, in the former new and rich

deposits have been discovered. Thus the present yearly production of Bahia exceeds that

of Minas Geraes, but the reverse is the case when the total production of the two States is

compared.

Diamonds had been discovered in Bahia as far back as the year 1755 ; further search,

however, was at that time prohibited by the Government in the fear that the agricultural

prosperity of this fertile State might suffer. In spite of this prohibition more and more

finds were made, until at the beginning of the nineteenth century the production was quite

considerable. It has continued to grow, until now the yearly output exceeds that of Minas

Geraes.

The first finds were made on the eastern slopes of the Serra da Chapada and, north

of this, in the Serra do Assuäria, which forms the continuation northwards of the Serra do

Espinhaco, a range of mountains stretching across the greater part of Minas Geraes and

passing through the district of Diamantina. The stones are found in sands and gravels in

the water-courses, and are accompanied by the minerals which constitute the most important

associations of diamond at Diamantina, namely, the oxides of titanium and of iron,

tourmaline, and quartz (rock-crvstal). In addition to these are a few others, which do not

occur in Minas Geraes. In a sample of diamond-sand from the Serra da Chapada, Damour
determined the following minerals : pebbles of rock-crystal, crystals of zircon, tourmaline,
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hydro-phosphates, yttrium phosphates (sometimes containing titanic acid), diaspore, rutile,

brookite, anatase, ilmenite, magnetite, cassiterite, red felspar, cinnabar, and gold. Garnet

and staurolite have also been observed here and recently euclase, but the last only as a rarity.

Of these minerals, cassiterite, felspar, and cinnabar have never been found in Minas Geraes

in association with diamond. Schrauf argued from the occurrence of these minerals, and

especially from the association together of tourmaline, garnet, zircon, staurolite, rutile, &c,

that the rocks, from which have been derived the diamond-sands of the Serra da Chapada,

were allied to the gneisses and syenites of southern Norway. It has been stated in

descriptions of the geological structure of these mountains that they are built up of these

particular rocks, but neither in this nor in other diamond districts in Bahia has any thorough

geological investigation been made, and since the minerals associated with diamond are the

Serra da Chapada

Fig. 36. Occurrence of diamond in the Serra da Cincorä, Bahia.

same in Bahia and in Minas Geraes, it is probable that the occurrence is also the same,

namely, in itacolumite.

Especially rich finds were made in the year 1844 in the Serra da Cincorä (Sincorä).

This range is situated in longitude about 41° W. of Greenwich, and extends from south-west

to north-east between latitudes 13° 15' and 12° 15' S. It forms the south-eastern spur of the
Serra da Chapada (Fig. 36), with which it is connected at its southern end ; it separates the
basin of the Rio de Säo Francisco from that of the Rio Paraguassü, and constitutes

the collecting-ground of these rivers. This range, the Serra da Cincorä, and that of the
Serra da Gräo Mogol in Minas Geraes, closely resemble each other, both are rugged and
inhospitable, and it is highly probable that the Serra da Cincorä consists of itacolumite,

although the neighbouring heights are built up of granite and gneiss.

The discovery of diamonds here was due to the observation of a slave, a native of the
diamond district of Minas Geraes, who, while engaged in minding cattle, was so struck with
the similarity of the soil to that of his home that he began searching for diamonds, and
before long collected 700 carats. Scarcely had this find become known, when eager searchers
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flocked in thousands to the place. According to some accounts, as many as 25,000 people
had settled in the neighbourhood in the following year ; other estimates, however place the
number at from 12,000 to 14,000. Many of these fresh arrivals came from the Serra da
Chapada and the Serra do Assuäria, where, in consequence of the stream of emigration,
diamond-mining was almost entirely abandoned ; the majority, however, were workers from
Minas Geraes, where the yield of diamonds had long been gradually diminishing.

The yield of the newly discovered fields was very rich and raised the ever sinking

diamond production of Brazil to its former high level. It is said that during the most
productive period the daily yield averaged 1450 carats ; soon, however, the yield began to

decrease and the number of workers fell to 5000 or 6000. Up to the year 1849 the total

output of diamonds of this district was 932,400 carats, and thi* immense production had
lowered the prices of the stone fifty per cent. According to the estimates of diamond
merchants, Bahia produced in the year 1858 54,000 carats, while from Diamantina came
only 36,000 carats.

The occurrence of diamond in the Serra da Cincorä is confined to the alluvial deposits

of the rivers. According to J. J. von Tschudi, who quotes the statement of the traveller

V. von Helmreichen, the first discovery was made on the banks of the Macuje, a small

tributary on the right bank of the Paraguassu. Here, besides a few small villages, there

sprang up in consequence of the finds the principal town of the district, Santa Isabel de

Paraguassu (also known as Comercio), lying about 190 miles to the west of the town of

Bahia. Later, diamonds were discovered at a distance of forty-five miles from Santa Isabel.

The principal place to the north of Santa Isabel is Lencoes, in the neighbourhood of which

is Monte Vereno, a well-known diamond locality, where the diamond sands consist largely of

fragments of itacolumite. Other important localities are Andrahy, Palmeiros, San Antonio,

and San Ignacio.

The washings on the west side of the Serra have been poor ; a considerable number of

diamonds were, however, obtained from the Macuje itself and from those parts of the

Paraguassu and Andrahy rivers which cut through the Serra. On the latter river, the

principal washings are situated on the small tributary streams of its right bank. In the

bed of the Paraguassu river are depressions rich in diamonds similar to those found in the

diamond rivers of Diamantina.

Diamonds from the Serra da Cincorä are known as " Cincorä (Sincorä) stones,
1 "* or

as " Bahias, " in order to distinguish them from the " Diamantina stones." They are

considerably inferior in quality to the latter and command a much lower price. They

are usually coloured yellow, green, brown, or red, and almost all have an elongated, irregular

form which makes them less suitable for cutting. Diamonds of the purest water are

rarer here than elsewhere in Brazil, and in size they are usually small, the large stone of 87|

carats found at the beginning of the fifties being an exception to the general rule.

It is in the diamantiferous district of Cincorä that the peculiar variety of diamond

mentioned several times above, namely, the black carbonado (" carbonate "), is almost

exclusively found. Although found in association with the ordinary diamond, it is so utterly

unlike it in appearance that it might be taken for anything rather than diamond.

In contrast to the ordinary diamond, carbonado very rarely exhibits a crystalline form

of any regularity, still the octahedron, rhombic dodecahedron, and the cube, with rough faces

and rounded edges and corners, have been observed. A crystal of carbonado with the form

of a cube is represented in Plate I., Fig. 4. The substance occurs much more frequently,

however, in irregular rounded nodules, varying in size from that of a pea to a mass exceeding

a pound in weight. The average weight of the nodules is 30 to 40 carats, but specimens
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weighing from 700 to 800 carats have been occasionally met with. They sometimes have

the appearance of being fragments broken from a larger mass, and some show a fine striation

similar to that of fibrous" coal ; this latter feature is believed to be due to friction between

several fragments.

The surface lustre of carbonado is dull and sometimes slightly greasy ; the interior ol

the nodule is usually rather brighter and shows numerous brightly shining points. The
colour of the exterior always lies between dark grey and black ; a fractured surface is a little

lighter in colour and shows a tinge of brown, violet, or red.

This substance is but rarely absolutely compact, almost invariably it is more or less

markedly porous, so that it is very similar in appearance to coke. When heated in

water, numerous air bubbles are expelled from the spaces in the porous material. Its

cohesion is usually considerable, but some samples are easily powdered. A microscopic

examination of the powdered material shows it to consist of very small octahedra of

ordinary diamond, usually semi-transparent, and containing many small opaque inclusions

;

they are nearly always of a light brown colour and only very rarely water-clear. Carbonado

is therefore nothing more than a finely granular, porous to compact aggregate of minute

crystals of diamond, and is not, as is sometimes incorrectly stated, amorphous diamond.

It differs also from the black diamonds which occur at some localities in regular crystals built

up of a uniformly compact substance. Some specimens of carbonado aggregates are

penetrated in places by ordinary diamond of a lighter colour, and having the usual

strong lustre and non-porous character. Cases are also known of the enclosure in a nodule

of carbonado of a small, simple, colourless crystal of diamond, the compact substance of

which passes gradually into the porous substance of the carbonado shell, just as do the

streaks of paler coloured diamond which sometimes penetrate the dark carbonado. The

walls of the cavities in the porous carbonado are sometimes, though rarely, encrusted

with minute colourless crystals of diamond.

The largest specimen of carbonado known was found July 15, 1895, in Bahia, in the

neighbourhood of the town of Lencoes, between the Rio Rancardor and the stream known

as the " Bicas."" It is about the size of a man's fist, and when first found weighed

3167 carats ; since it was taken from the ground it has gradually lost 19 carats in weight,

so that its present weight is 3148 carats, or about 650 grains (nearly 1| pounds avoirdupois).

The heaviest specimen previously known weighed only 1700 carats, and was of inferior

quality.

The essential constituent of carbonado, as of ordinary diamond, is carbon ; the former,

however, contains a much larger amount of impurity than does the latter. After combustion,

this impurity remains behind as an incombustible residue, and sometimes forms a skeleton

outline of the original fragment or nodule of carbonado. The amount of incombustible ash

varies from \ to over 4 per cent, of the weight of the carbonado burnt. Three specimens

examined by Rivot contained 96'84, 99'10, and 99*73 per cent, of carbon, and 2*03, 0*27,

and 0'24 per cent, of ash respectively. This ash resembled in appearance a yellow,

ferruginous clay, and enclosed microscopic crystals of an undetermined substance. By treating

finely-powdered carbonado with aqua regia a portion of the mineral matter constituting the

ash may be dissolved out, the solution being found to contain iron and a little calcium, but

no aluminium or sulphuric acid. Dana gives as the composition of carbonado : carbon 97,

hydrogen 0*5, oxygen 1*5 per cent. ; the presence of the last two constituents, however,

requires confirmation. The view has been expressed that carbonado is a mixture of

crystallised and amorphous carbon, but it is not supported by a microscopical examination

of the material.
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The hardness of carbonado not only equals that of diamond, but may even exceed it,

and its hardness is supposed to be greater the less distinctly it is crystalline. Carbonado
cannot therefore be cut by ordinary diamond powder, or at least only with extreme difficulty

;

it forms a valuable cutting material for ordinary diamonds, and large quantities are used as

a grinding material for this and other purposes which require exceptionally hard material.

On account of its great hardness, combined with the absence of cleavage (in the mass),

carbonado is specially suitable for the rock-drills of boring machinery ; moreover, it possesses

another advantage over the diamond in that it can be easily shaped into any required form

and size, while with ordinary diamond either a natural crystal or a cleavage fragment must

be used.

The specific gravity of carbonado is, on account of its porous nature, lower than that

of diamond crystals. The values 3*012, 3*141, 3*255, 3*416, &c, have been determined;

the last three of these values were determined with the three specimens of which the

chemical composition is given above, and in the same order. Carbonado, when reduced to

powder, has of course the same specific gravity as ordinarv diamond.

That the occurrence of carbonado is almost entirely confined to the district of the

Serra da Cincorä has already been mentioned. It was found for the first time in the year

1843 in the " gupiarras" of the river San Jose, and all the carbonado required for technical

purposes is derived from this source. In Minas Geraes carbonado may be said to be

completely absent ; in South Africa it is present in very small amount ; and in India and

Australia no trace of it has been met with. In the diamond sands of Borneo it is less rare,

and here are to be found nodules of carbonado enclosed by a shell of colourless diamond.

In every locality in which it occurs this black, porous variety of diamond is associated with

crystals of the usual kind, they are found in the same rocks, and have no doubt a common

origin and mode of formation.

The production of carbonado in the Serra da Cincorä, which in former times was

considerable, has now appreciably diminished, being scarcely more than 350 grams per

month. This, and its ever increasing application for technical purposes, has caused a

tremendous rise in price. When first found little use was made of it, and it could be

bought for about %\d. per gram ; now, however, for ordinary qualities the same weight

costs 32*. and the better qualities 80*., and the price shows a tendency to rise still

higher.

Diamonds in considerable numbers have also been found in the southern part of the

State of Bahia, near the border of Minas Geraes. This district may be regarded as a

continuation in a north-easterly direction through Gräo Mogol of the diamond-fields of

Diamantina. The stones are found near Salobro (signifying brackish) in the alluvial

deposits of the Rio Pardo. This river and the diamantiferous river Jequetinhonha (Rio

Belmonte) both empty themselves into the Atlantic Ocean at the foot of the Serra do Mar

and near the small haven of Canavieiras. The mines are about two days
1 journey inland

from this seaport town, and from it they derive their name of the Canavieiras mines.

The discovery of diamonds here was made in 1881 or 1882 by a forester who had

previously searched for diamonds in other districts. Scarcely was the occurrence made

known, when the virgin forest, in spite of the unhealthy malarial climate, became peopled

by 3000 or more diamond miners. The treasure was obtained at a depth of two feet below

a white clay containing decomposing vegetable matter, so that the deposit is a very recent

one. The diamantiferous stratum is much more clayey than any in Minas Geraes ; it has

throughout the character of a plateau-deposit. Diamonds are also found in the rivers

Salobro and Salobrinho, tributaries of the Rio Pardo, especially in the "gupiarras" or
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vallev-deposits lying above the present high-water level, just as in the valleys about

Diamantina.

The minerals associated with the diamond in "these clays are not only less in amount

but also differ in kind to a certain extent from those found in Minas Geraes. Monazite in

yellowish and reddish broken crystal fragments is present in abundance, also zircon, usually

brownish to white in colour, but sometimes violet, and in addition kyanite, staurolite,

almandine, haematite, ilmenite, magnetite, iron-pyrites, and a somewhat considerable amount

of corundum. The occurrence of corundum is remarkable, as hitherto it has been found in no

other Brazilian deposit, while all the other minerals mentioned do occur in association with

diamond in various parts of Brazil. We may contrast with the occurrence here of corundum

the complete absence of certain minerals, which in other parts of Brazil are frequently found

with diamond, namely, rutile, anatase, tourmaline, and the hydro-phosphates.

As regards the origin of the diamonds found here, it has been supposed that they are

derived from the gneiss, granite, and other ancient crystalline rocks of the neighbouring

coast range, the Serra do Mar. In the diamantiferous deposit, however, there is no trace of

felspar or mica, two essential constituents of these rocks ; moreover, the minerals chrysoberyl,

andalusite, tourmaline, beryl, &c, which are frequently present in such rocks in Brazil, are

also conspicuous by their absence from these deposits, so that this suggested origin for the

diamond seems decidedly doubtful. For a satisfactory determination of the mother-rock of

these diamonds, further investigation is required ; in any case, it does not seem to be

itacolumite, since this rock has not been observed in any part of the surrounding district.

Immediately after their discovery, the yield of these mines was so abundant that other

diamond districts became more or less deserted. The stones are distinguished by great

purity and freedom from colour, as well as by their very regular octahedral form, which

obviates any necessity for preliminary cleaving, and enables them to be cut at once. For a

time these mines supplied a large proportion of the total Brazilian output ; they may not,

however, have been as rich as they appeared, for it has been asserted that many Cape

diamonds were sent to Canavieiras in order to be put on the market as Brazilian stones and

so command a higher price, just as in former times Brazilian stones were shipped to India

to enter the market as Indian stones. At the present time the yield, compared with what

it once was, has fallen off considerably, the deposit being now almost exhausted. The same

is true to a greater or less extent for all the known diamond-fields of Brazil, and generally

speaking it may be said that all are now worked to only a small extent.

Brazilian diamonds, generally considered, show certain characters which are common
to all diamonds, but possess other characteristics peculiar to themselves which enable an

expert to recognise their Brazilian origin and sometimes even to name the actual district in

which they were mined.

In size Brazilian diamonds are almost invariably small, being surpassed in this respect

by Indian and especially by South African stones, many of which are above the average

size. The average weight of Brazilian stones is \ carat or perhaps less. Large numbers of

diamonds smaller in size than the head of an ordinary pin are lost in the process of washing,

their size not being sufficient to repay the trouble of collecting. Stones the weight of

which lies between \ and J carat are frequent, those varying in weight from 1 to 5 or G

carats are rare, and the occurrence of still larger stones most unusual. In Diamantina,

when the yield was most abundant, only two or three stones of 16 to 20 carats were found

yearly, and several years might elapse before the discovery of one of still larger size.

Generally speaking, a lot of 10,000 Brazilian stones will contain only one stone of 20 carats,

while 8000 of them will weigh but one carat or less each. From 1772 to 1830, the period
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during which the mines were under Government management, only eighty stones exceeding
an oitava (= 17*- carats) were secured by rightful owners; what may have been stolen is,

of course, not known.

The largest Brazilian diamond is the "Star of the South," or "Southern Star"
(Fig. 48), which was unearthed in the fifties at Bagagem. In its rough condition it weighed
254| carats, and when cut as a brilliant 125 carats. A stone of 138! carats was found in

the Rio Abaete, and one of 120f carats in the Caxoeira Rica near Bagagem, while one of

107 carats was reported from Tabacos on the Rio das Velhas. No other stones exceeding
100 carats have been heard of. The famous " Braganza " of the Portuguese crown jewels,

a reputed diamond as large as a hen's egg and weighing 1680 carats, is probably only a
pebble of transparent, colourless topaz ; accurate information on the subject cannot, how-
ever, for obvious reasons, be obtained from the Portuguese Government.

The crystalline form of Brazilian diamonds is by no means constant, varying in

stones from different districts. Moreover, stones from different localities are not equally

regular in form, those from the Cincorä district, for example, being more distorted and
misshapen than stones from Minas Geraes or Salobro.

Generally speaking, the principal forms for all localities are the rhombic dodecahedron
and the hexakis-octahedron, both having rounded faces and often deviating considerably

from the ideal form (Fig. 31, c to f.) The octahedron, which is rare, is also frequently

distorted, sometimes appearing in the form of triangular plates. The predomination of

cube faces (Fig. 31 a) is especially characteristic of Brazilian crystals ; such forms are very

frequent here, but rare in other countries. The tetrahedron and other hemihedral forms,

especially the hexakis-tetrahedron (Fig. 31 Je), are only rarely found; twinned rhombic

dodecahedra (Fig. 31 h) occur frequently ; twinned octahedra (F'ig. 31 g) are, on the other

hand, rare.

Irregular intergrowths of diamond crystals are frequently met with ; indeed the famous
" Star of the South " formed part of such an intergrowth, since its rough surface showed

several impressions of smaller diamonds. Nodules of bort occur not infrequently ; often they

are almost perfectly spherical in form (Plate I., Fig. 3), the surface, however, being rough

owing to the projection of the corners of the small octahedral crystals which build up the

radial aggregate. On the whole, about one-fourth of Brazilian stones are useless as gems ;

these are also described as " bort
n and are applied to technical purposes.

The surface of a rough diamond, that is of the natural crystal, is either smooth and

shining, or rough, striated, and dull. Rough stones are usually opaque or translucent, but

are sometimes completely transparent ; in the latter case they exhibit a fine play of

prismatic colours, such as is usually only apparent after cutting. The peculiar surface

lustre, characteristic of stones from Matto Grosso, has been previously mentioned ; it is found

on no other Brazilian diamonds. Diamonds penetrated in all directions by cavities, so that

their structure comes to resemble that of pumice-stone, are occasionally met with.

Regularly formed depressions may sometimes be seen on the surface of a crystal ; very

frequently these depressions have the shape of crystals of quartz and must have been formed

by the diamond resting during its growth on a quartz crystal. Diamond crystals showing

evidences of contact with other minerals have been often described ; the " Star of the

South " (Fig. 48) is undoubtedly such a crystal, the broad under surface being very probably

the area by which it was attached to the parent rock.

The colour and the qualities depending on this feature vary considerably, differing in

different localities. About 40 per cent, of Brazilian diamonds are completely colourless and

of these 25 per cent, are of the purest water and the first quality, the beautiful and highly
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prized " blue-white
11

being not of very great rarity. About SO per cent, show a slight

tinge of colour, and though the remaining 30 per cent, have a pronounced colour, stones of

a deep and beautiful shade are rare. Next to colourless stones, those of a dull whitish or

greyish tint occur most frequently. The lighter tones of colour are, as we have already

seen, frequently confined to the surface of the crystal, which may be removed by grinding or

by the simpler process of burning, and thus the colourless heart of the crystal obtained.

Such stones, and also those in which the colour is conlined to the edges and corners, have

been found in the district of Diamantina and especially in that of the Rio Pardo and the

Serra da Cincorä. Deep tints of colour usually permeate the whole substance of the stone.

Diamonds which are differently coloured in different parts have also been met with. The
enclosure of foreign bodies in diamonds is frequently seen ; these may be dark in colour or

black, and sometimes resemble the moss-like markings of a moss-agate. The colours which

have been observed in Brazilian stones are yellow, red, brown, green, grey, and various shades

of black ; blue is rare, but a few stones showing a beautiful shade of this colour are said to

have been found.

Passing now to the consideration of the general quality of Brazilian stones, it may be

stated that this on the whole is good, and surpasses that of Cape diamonds, which, as a rule,

have a yellowish tinge. The quality of Brazilian stones very nearly approaches that of

Indian diamonds, the best " blue-white
11
Brazilian diamonds being in no way inferior to the

choicest of Indian stones.

The various diamond localities of Brazil do not, however, produce stones of uniform

quality ; the largest, most beautiful, and those most free from colour, have been found at

Bagagem. All the stones mined here do not by any means, however, tally with the above

description, many are coloured brown or black, and besides their undesirable colour often

exhibit an irregularity of form and numerous other small faults which combine to render

them of little value. The stones from the Canavieiras mines stand next in order of quality

to those from Bagagem. These, though small, possess a perfect whiteness, few faults, and

great regularity of form ; by daylight they exhibit a fine lustre and play of prismatic

colours ; by artificial light, however, these qualities are less marked and the stones compare

unfavourably with Cape diamonds. Diamantina takes the third place in the quality of the

diamonds it produces, and stones from different localities in the district show certain differ-

ences among themselves which are well known to the inhabitants ; thus some mines yield

white stones exclusively, others yield only coloured stones ; the latter, as a rule, predominate ;

the same applies also to the district of Gräo Mogol. Diamonds from the Cincorä district

rank lowest of all ; three-fourths of these are coloured, almost all are of irregular forms

unfavourable for cutting, and about one-half are fit only to be used as bort. The colour of

diamonds from Bagagem and Canavieiras is confined to the surface, which is usually bright

and only very seldom dull. The surface of stones from Diamantina is not infrequently

decidedly rough, it is seldom bright except when the stones have the form of a regularly

developed octahedron.

The production of Brazilian diamonds has from the time of their discovery, about

1725, been very considerable. For the eighteenth century and the early decades of the

nineteenth century exact official returns were given, but for the years immediately following

the first discovery, and also for quite recent years, no absolutely reliable records exist, and

the various statements which are met with are based on more or less inaccurate estimates.

The official returns account only for stones acquired in a legitimate manner and, of course,

leave out of the calculation such as have been surreptitiously mined or obtained by dishonest

means. W. L. von Eschwege, at one time chief mining inspector in Brazil, estimated the
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contraband product to have been at least as large as the legitimate output, while other

estimates place it at one-fifth or one-third of this.

The same authority, W. L. von Eschwege, estimated the yearly production between 1730
and 1740 at 20,000 carats, but for the first twenty years he gives the annual production as

144,000 carats, probably in this estimate making an allowance for smuggled stones.

According to the official returns, the total production between 1740 and 1772 was 1,666,569

carats, corresponding to an average yearly production of about 52,000 carats, while between

1772 and 1806 the total of 910,511^ carats, corresponded to a yearly average of about

26,800 carats. For the latter period, 1772 to 1806, F. dos Santos gives the total produc-

tion as 1,030,305 carats. The production even thus early had therefore considerably fallen

off, and was still further diminished during the period between 1811 and 1822, when it stood

at 12,000 carats. The total legitimate production of diamonds in Brazil from 1730 to

1822 is estimated by von Eschwege to be 2,983,691 J carats. From the first discovery to the

year 1850 the total output is given as 10,169,586 carats, or about two tons, and is valued at

,£15,825,000. Of this, at least 5,844,000 carats, valued at £9,000,000, that is, more than

half, has been contributed by the State of Minas Geraes alone.

In 1850 and 1851, in consequence of the discovery of the Cincorä mines, there was a

very heavy production, namely, 300,000 carats per annum, but in 1852 it had sunk to

130,000 carats. From 1851 to 1856 the average yearly yield was 196,200 carats; from

1856 to 1861 it was 184,200 carats; and during the following years remained about the same

in amount. In 1858 the leading diamond merchant of the country estimated the average

annual output for all previous years at about 90,000 carats, of which 36,000 came from

Minas Geraes and 54,000 from Bahia. In 1860 and 1861 the yield appears to have again

risen.

For more recent times Boutan gives the following totals compiled from information

derived from various sources: Diamantina from 1843 to 1885, 1,500,000 carats; other

localities in Minas Geraes, together with Goyaz, Matto Grosso, &c, up to 1885, 1,500,000

(?) carats. Chapada in Bahia from 1840 to 1850, 100,000 carats; from 1850 to 1885,

1,500,000 carats. Since diamond-mining ceased to be a Government monopoly, no official

records of the production have been kept ; the data given above have therefore been

compiled from the records of the amounts paid as export duties on diamonds and may be

regarded as coming somewhere near the truth, since the number of diamonds exported does

not differ widely from the number mined.

The marked fluctuations in the yearly averages, which will be observed on studying the

numbers quoted above, are due to the exhaustion of old deposits and the discovery of new

ones. Thus the rise in the yield which has recently taken place is due to the discovery of

the Canavieiras mines, and it may be reasonably expected that in the future similar new and

rich deposits will be discovered, which will have the effect of again raising the total yield.

The enormous and steady production of the South African diamond-fields naturally makes

the prospector less eager to start in search for new Brazilian deposits. Such, however, may

be at any time accidentally discovered, as has, in former times, frequently happened,

especially in Bahia.

3. SOUTH AFRICA.

The diamond mines of South Africa are, at the present day, by far the most important

and richest in the whole world ; at least nine-tenths of the diamonds now marketed being

the so-called Cape stones. The diamond markets of the world are now completely controlled
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by the owners of the South African mines, the output from Brazilian, and especially from

Indian, mines being so insignificant in comparison that their effect on the market is

inappreciable.

The first exact scientific account of the Cape diamond-fields is due to Professor Emil

Cohen, who visited the region in 1872, and his observations are still of great importance.

Numerous other inquirers have continued his investigations and have cleared up many details,

but no essentially novel theories have been advanced. Comprehensive accounts of these

deposits have been published by Moulle, Chaper, Boutan, Reunert, Stelzner, and others, and

the details given below are taken from the original works of these and other investigators.

A map of the South African diamond-fields is given in Fig. 37.

Diamonds were first found in this region in the year 1867, reported discoveries at dates

preceding this—for example, in the eighteenth century— being, for the most part, unfounded.

Many versions of the circumstances under which the first discovery was made are in existence.

According to one, a traveller of the name of O'Reilly saw a child playing with a bright and

shining stone in the house of a Boer by name Jacobs, whose farm, " De Kalb,
11 was situated

a little to the south of the Orange River, and not far from Hopetown. This stone the

traveller showed to Dr. W. Guybon Atherstone at Grahamstown, who determined it to be

a diamond crystal weighing 21T
3^ carats. After being exhibited at the Paris Exhibition of

1867 it was purchased for i?500 by Sir Philip E. Wodehouse, then Governor of Cape

Colony. O'Reilly obtained from the same Boer a second stone weighing 8£ carats, which

had also been accidentally found on his farm ; this also passed into the possession of the

Governor of the Colony at a price of i?200.

According to another version, the diamond of 21 fV carats, the Boer child's plaything,

first passed into the hands of Schalk van Niekerk, a Boer who was otherwise connected with

the history of the discovery of diamonds in South Africa, since in 1869 he obtained from a

Kaffir a stone of 83| carats, which came into the market under the name of the " Star of

South Africa." Schalk van Niekerk is said to have handed over the stone previously

obtained to O'Reilly for determination. In any case, it seems to have been the latter who

took the initiative in identifying the stones, and thus firmly establishing the occurrence of

the diamond in South Africa, so that to him is due all the credit of the discovery.

Scarcely had these events been made known, when the Boers living in the neighbourhood

of Hopetown commenced a vigorous search for diamonds. They were rewarded by the

discovery of a few scattered stones, but there was no rich, continued yield such as is

characteristic of a regular deposit. The searchers soon extended themselves over a wider

area, and in the year 1868 the workings on the Vaal River were commenced, and here the

yield was much greater. The first actual diamond deposit was met with in 1869, in the

neighbourhood of the places now bearing the names of Pniel and Barkly West.

In the years which followed, news of the finds of diamonds gradually spread in Cape

Colony, and soon diamond-diggers from the four corners of the earth congregated on the

banks of the Orange and Vaal Rivers. Reported rich discoveries attracted miners to the

spot in still larger numbers, in spite of the long and toilsome journey across the arid Karoo

region, where, in the dry winter season, the region is more than ordinarily barren and

inhospitable, and the route is marked out by the bodies of beasts of burden which have

perished by the way. Two years after the first discovery of diamonds, namely, in 1869,

this previously uninhabited district became peopled by a white population of 1000 souls.

These settled on the Vaal River at Pniel and Klipdrift, the latter now known as Barkly

West. Here they washed the surface sands of the river for diamonds, and some time elapsed

before any systematic digging operations were undertaken.
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It was soon discovered, however, that in this region diamonds were by no means

confined to the river sands. In December 1870, a digger from the Vaal observed that the

children of a Boer, whose farm, " Vooruitzigt," was situated (Fig. 38) on the plateau
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Fig. 37. Occurrence of diamond in South Africa. (Scale, 1 : 1,500,000.)

between the Vaal and Modder rivers, and about fifteen miles south of the former had collected

in the neighbourhood a number of small diamonds, of the true nature ofM^
they were ignorant. According to another story, van Wyk, a Boer who lived at Du To.t s

Pan" farm, situated in the same neighbourhood, discovered diamonds in the walls ot his

dwelling-house which had been built of mud dug out from a neighbouring pond. Both
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stories end in the same way ; these accidental finds stimulated further search, which

resulted in the discovery of the mine now known as Du Toit's Pan mine (also written

Dutoitspan), the first of the four famous mines of Kimberley, the town which sprang up at

this spot and became the centre of the diamond-mining industry.

A great influx of people or "rush 1
"' to the newly discovered locality at once took place.

These newcomers proved a source of great irritation to the Boers in possession of the land,

who, seeing that it was impossible to dislodge their unwelcome visitors, sold their valuable

possession to an English Company for £6000, a ridiculously low sum considering the

discoveries that had been made and were to be expected. The conditions under which the

eager searchers for treasure had to work were indeed harassing ; exposed to all the intensity

of the hot African sun, tormented by storms of dust and insects, deprived of many of the

necessaries of life, obliged to fetch drinking water from a great distance, and, for the lack

of more permanent dwellings, forced to camp out in the open, their lot was no enviable one,

and numbers perished of want and privation. The survivors had no cause, however, for

disheartenment in the yield of the deposit ; new finds were constantly made, and the

conditions of life gradually improved.

Soon another rich deposit, only about half a mile from Du Toit's Pan, was discovered,

and became known as the Bultfontein mine, while still another on the farm, " Vooruitzigt,'

of a Boer named de Beer, who himself commenced mining operations, became the famous

" Old de Beer's mine,'
1

or, shortly, De Beer's mine (often written De Beers). Finally, on

July 21, 1871, a new discovery was made close to the last mentioned mine; this was at

first known as " Old de Beer's New Rush," or as the " Colesberg Kopje." Later, however,

it became known as the Kimberley mine, and proved to be the richest of the whole group.

These four mines, which still form the nucleus of the diamond-producing area, are all

situated close to the town of Kimberley, which was founded by the diamond miners, and

which has now a white population of 30,000. Two miles to the south-west of Kimberley is

the suburb of Beaconsfield with 10,000 to 11,000 inhabitants. The situation of the mines

is shown in Fig. 38; they all lie in a circular area not more than three miles in diameter,

and besides the four important deposits there are half a dozen others too insignificant to be

worked to any extent.

After the first accidental discovery had drawn attention to the occurrence of diamond

here, the four important mines mentioned above were all discovered in the course of six

months. Very soon following these discoveries, other but less important deposits were

found to the south of Kimberley, namely, the Jagersfontein mine near Fauresmith and the

Kofi'yfontein mine on the Riet River between Jacobsdal and Fauresmith, both in the

Orange River Colony. The Jagersfontein mine was discovered almost simultaneously with

the Kimberley mine, from which it is situated about eighty miles distant. Practically the

whole of the present enormous production of diamonds in South Africa is derived from

the.e six mines and from the washings on the Vaal River.

The method of winning diamonds in these mines furnishes a great contrast to the

work of collecting them from the river sands. In the latter case the sands are washed in a

manner similar to that employed in Brazil and India. In early days on the arid and

waterless plateau of Kimberley, the stones were picked out of the dry fragmented rock, such

workings being known as " dry diggings," to distinguish them from the " river diggings "on

the Vaal. These terms are still in use, but the former is now somewhat inappropriate, as at

the " dry diggings " water is now also used to separate the diamonds from their matrix.

All the diamond mines of South Africa, which are of any importance, lie to the north

of the Orange River, and arc confined to a comparatively limited area, as may be seen b*
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reference to the map (Fig. 37). They aie situated in the stretch of country lying between
the line of longitude 26° E. of Greenwich and the fork of the Orange and the Vaal rivers,
the two principal water-courses of South Africa. The north or right-hand bank of the
Vaal must, however, be also included, and the very first discovery of diamonds in South
Africa was made a few miles to the south of the Orange River. All the known mines and
washings lie in a quadrangle bounded by parallels of latitude 28° and 30° S., and by
meridians of longitude 24° and 26° E. The town of Kimberley lies very near the centre of
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this quadrangle, and the boundary between Cape Colony and the Orange River Colony very

nearly coincides with the north-east and south-west diagonal. The Kimberley mines are

not only central in position but also in importance, for they supply £0 per cent, of the

total output of South African diamonds.

The diamond localities of this district (with the exception of the washings on the Vaal

River) are situated on an almost straight line, 125 miles in length, running north-north-west

and south-south-east, from the confluence of the Hart River with the Vaal, to beyond

Fauresmith in the Orange River Colony. On this line, about fifteen miles from the Vaal,

Kimberley is situated in latitude 28° 42' 54" S., and longitude 24° 50' 15" E., of Greenwich,

at a height of 4050 feet (1230 metres) above sea-level. Koffyfontein is about forty miles,

and Jagersfontein about double this distance, from Kimberley. A stone of 70 carats

was once picked up at Mamusa, on the far side of Jagersfontein, but the find has remained

an isolated one.
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Outside this district no diamonds have been found ; within the district they are confined

to a few isolated points, some of which have not yet been properly investigated, since, the

yield being poor, they were abandoned almost as soon as they were discovered.

False assertions as to the occurrence of rich deposits in certain localities have sometimes

been made with the sole object of attracting diamond miners, thus promoting the sale of food

and spirituous liquors, and incidentally enriching the vendors thereof; a flocking together of

miners attracted by such assertions is known as a " canteen rush."

The mines mentioned above, from which rich yields arc at the present time derived,

were all known as far back as 1872. Since that time other districts have been vigorously

prospected, but without success ; still the region is extensive enough to warrant the belief

that fresh discoveries may yet be made, especially as in 1891 a new deposit was found in the

Kimberley district, one mile east of Du Toit's Pan, on the farm " Benauwdbeidfontein,
11

of

J. J. Wessels, senior. This deposit lies under a thick layer of calcareous tufa, and the mine

known as the Wesselton or Premier mine promises to become of importance.

Before the discovery of diamonds the whole of this now important stretch of country

was almost valueless, and was peopled by only a few hunters and Boers, who derived a meagre

living from its scanty vegetation, and whose lot no one was inclined to envy. There were

thus in this region no rigidly defined spheres of influence, and when it suddenly acquired an

enormous value and importance complications arose in the shape of rival claims, various

portions being asserted to be the property of the Orange Free State, the Transvaal, or of

native chiefs. In 1870 the diamond-fields near Pniel, on the Vaal River, were proclaimed

as British territory, on behalf of a native chief who had ceded his rights to Great Britain,

and on November 17, 1871. the British flag was hoisted at Kimberley. The matter was

formally settled in July 1876, by the London Convention, according to which the

Government of the Orange Free State agreed to give up its claim to the diamond-fields in

consideration of a payment of ^90,000 from the British Government. Griqualand West, the

division in which Kimberley is situated, remained a Crown Colony until October 1880, when
it was formally incorporated in Cape Colony. In it are situated all the rich diamond mines

of South Africa, with the exception of the Koffyfontein and Jagersfontein mines, which are

in the Orange River Colony, but which yield only about 6 to 7 per cent, of the total South

African output.

Not only has the discovery of the precious gem enormously increased the importance of

South Africa as a country, but it has also so raised the value of the comparatively small

plots of land on which the mines stand, as to make a comparison between their present and
their former values of interest. Thus the farm " Vooruitzigt," on which now stand the

De Beer's and Kimberley mines, was bought from its owner in 1871, the time of the discovery

of diamonds there, for =£6000, while only four years later ^100,000 was paid for it by the

Cape Government, the transfer being made with the object of putting an end to the frequent

and ever arising disputes between the mine-owners and the miners as to the dues to be paid

by the latter to the former.

It is now intended to consider the different deposits in more detail, commencing not
with the most important but with those first discovered, namely, the river diggings.

River Diggings.

The richest of these deposits lie on both banks of that portion of the Vaal River flowing
between the mission stations, Pniel and Barkly West (formerly Klipdrift), to the east, and
Delport's Hope, at the junction of the Vaal with the Hart River, to the west, Barkly West
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being at the present day the centre of the diamond-washing industry. In addition, diamonds

have been found in small numbers further up the river at Hebron, and even as far as

Bloemhof and Christiana in the Transvaal • also in the opposite direction, at the junction of

the Vaal with the Orange River. A few diamonds have also been found in the Orange

River, between its confluence with the Vaal and Hopetown, as well as in some of the tribu-

taries of the Vaal, notably the Modder and the Vet. The yield in all these places was,

however, so poor that the workings were soon all abandoned except the portion of the Vaal

River mentioned above, and a stretch of its valley, parallel to the same portion of the river,

and measuring fifty miles in a straight line, or seventy-two following the windings of the

river. At the present day whole series of mines even in this region are practically deserted,

the workers having left the river for the far richer dry diggings of Kimberley. The production

of the river diggings up to 1871 was of some importance, but is now quite insignificant ; in

spite of the poorness of the yield, and the miserable conditions under which they have to

work, a small number of a certain peculiar class of diamond-miners still cling tenaciously to

their holdings in the hope no doubt of better days coming. Counting both black and white

men, their number for many years probably did not exceed two or three hundred ; they work

singly or in twos or threes, not in large companies, and are most frequently to be seen in the

neighbourhood of New Gong-Gong, Waldeck's Plant, and Newkerke. The amalgamation

of the "dry diggings" to form the De Beers Consolidated Mines, has had the effect of

increasing the number of river diggers, it being estimated that there are now 1000 of them,

exclusive of native workers. Companies have been formed with the object of working the

deeper beds of river sand, but have met with little success. The river-diggings, on account

of their poor yield, are known as " poor men's diggings.
11

The bed of the Vaal is strewn with blocks of basalt, often amygdaloidal in character,

and with other rocks which are probably of metamorphic origin. These blocks are usually

of considerable size, and have been waihed down from the sides of the valley and from the

surrounding hills ; between them lies a loose material consisting of gravel, sand, and mud,

and it is in this that the diamonds are found. The whole deposit, which varies in thickness

up to 40 feet, rests on basalt, this rock being in situ, and is here and there scooped out to

form deep hollows, known as pot-holes or " giantVkettles,
11
similar to those found in the beds

of the diamond-bearing rivers of Brazil, which have been worn out by the continued whirling

of pebbles in the eddies of the stream. The diamond-bearing debris accumulates in these

depressions, which often yield a rich harvest to the finder.

The search for diamonds was at first confined to the bed of the river, but it was soon

discovered that the sands and gravels of the river-terraces were as rich or richer than the

river-bed, so that these also came to be worked. The terraces and their workings are usually

only a few yards above the present high-water level, but one or two are 200 feet above this

level. The workings in the river-terraces are easier to manage and more secure than those

in the river-bed, since the latter are liable to be flooded, and thus considerably damaged

;

it has, therefore, been proposed in recent times that the stream should be diverted into

another channel, but this scheme has never yet been carried out.

The diamonds found in this sandy clay are, as a rule, distinctly water-worn, though not

of course to the extent of the other pebbles and sand grains which accompany them. These

accompanying pebbles consist of various minerals, the different varieties of quartz (agate,

jasper, silicified wood, &c), which have all travelled down from the upper courses of the

river, being especially abundant. Pebbles of the rocks which occur in situ in the neighbour-

hood are present in large numbers in these alluvial deposits. The minerals which are

associated with the diamond in the drv diggings are less abundant, but small fragments of
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garnet, ilmenite, vaalite, &c, are met with. It is among these pebbles that the diamond is

to be found ; its distribution is, however, extremely irregular, a miner who hits on a
favourable spot may make his fortune in a very short time, while his comrades toil on month
after month unrewarded by the smallest success.

The method of work does not differ essentially from that followed in the diamond-

washings of other countries or in the gold-washings of the same country. The sand and clay

in which the diamonds and other pebbles are embedded, must first be excavated; this,

when the diamantiferous material is overlain by blocks of basalt, &c, of considerable size, is

no light task. This material is placed in a cradle, and the clay and fine particles washed

away by rocking the cradle under a stream of running water ; what remains after this process

is put through a sieve, and the coarse residue, which contains the diamonds, is spread out on
a sorting table and the diamonds picked out by hand. This final operation is easily per-

formed, for the peculiar lustre of diamonds enables a practised sorter at once to distinguish

them from other pebbles.

The yield is not very great, only on an average about 15,000 or 20,000 carats a year

;

in 1890, however, 28,122§ carats, valued at ^79,231, were obtained ; a production of

30,000 carats (about 13 lbs. avoirdupois), is seldom reached, and never exceeded.

The quality of the yield in part compensates for its small quantity, stones from the

river diggings being on the average far superior to those from the dry diggings. The
average value of the former is in consequence much higher than that of the latter ; for

example, in the eighties a river-stone weighing one carat was worth 56s., while a carat stone

from Kimberley only fetched on an average %°2s. 9c?.

A few specially large stones have been secured in the river diggings, such, for example,

as the " Star of South Africa,'" a diamond of the purest water, weighing, in its rough

condition, 83J carats ; also the slightly yellow " Stewart,"
1 weighing 288| carats, which was

found at Waldeck\s Plant on the Vaal River.

The sands and gravels in which the diamonds are found in the river diggings are

secondary deposits. It has been suggested that these sands and gravels have been derived

from a deposit similar to that in which diamonds are now found in the dry diggings, and

situated somewhere in the neighbourhood of the source of the Vaal River. The denudation

of such a deposit would supply the diamantiferous debris carried down by the river. That

the diamonds have been transported some distance is shown by their distinctly water-worn

character, and in all probability the original deposit was situated somewhere below

Bloemhof in the Transvaal, since no diamonds have been found above this town. The fact

that very few of the minerals associated with the diamond in the dry diggings occur in the

Vaal River is easily explained when we consider that these minerals are not very hard and

would be reduced to powder before they had been transported any great distance by the

running water ; whereas the harder minerals, found in the basin of the upper part of the

Vaal, and now associated in the river deposit with diamonds, would resist the action of the

water for a longer period and would be transported over greater distances. Furthermore it

is possible that the characteristic minerals of the dry diggings now known may have been of

sparing occurrence in these original deposits, if not indeed absent altogether. The higher

quality of the river stones as compared with those from the dry diggings does not militate

against the truth of this theory as to their origin, since the quality of stones found in the

Jagersfontein dry diggings is well above the average ; it simply leads to the conclusion that

the deposit from which the river sands and gravels were derived was also above the average

in quality.
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Dry Diggings.

The nature of these deposits was not at first known, and they were supposed to be

similar to the river deposit and to consist merely of superficial layers of alluvium. It was

soon recognised, however, that this was by no means the case, and that the deposits were

absolutely unique in character. The geographical position of these deposits has been

already described, they are situated on a high plateau, far removed from any water-

courses and formed of rocks belonging to the Karoo formation. This formation, which has

a total thickness of about 10,000 feet, consists of sandstones and shales with numerous

intruded dykes and bosses of igneous rocks, variously referred to, according to the form of

the mass and the character of the rock itself, as trap, dolerite, melaphyre, basalt, diabase, &c.

The age of the sedimentary rocks is not exactly known as yet, but in any case they are later

than the Carboniferous, the lower beds probably corresponding with the Permian, and the

upper beds with the Trias of Europe. In this upper and younger part occur the deposits

of diamonds in Griqualand West which we have now to consider.

The account which follows deals mainly with the half-dozen mines having the richest

yield, and specially with the four best known Kimberley mines, others being passed over as

insignificant or not completely examined. The main features of all are identical, and as the

individual deposits differ only in unessential points, it is unnecessary to consider each one

singly in any great detail.

The diamond-bearing material is contained in pipes or funnel-shaped depressions which

penetrate the Upper Karoo beds in a vertical direction to an unknown depth. The outline

of a cross-section of one of these depressions may be circular, elliptical, kidney-shaped, or

more or less irregular. The rock which fills these pipes differs entirely from the surrounding

beds of the Karoo formation, the so-called "reef,
11

and is sharply separated from them.

The occurrence of diamonds is confined exclusively to the material filling the pipes ; nowhere

in the surrounding reef of sandstone and shale, or elsewhere in the Karoo beds, has a single

stone been found, although enormous quantities of these rocks have been removed in the

course of the mining operations.

The upper extremities of the pipes are elevated above the surface to the height of a

few yards each, thus forming a small kopje ; in the case of the Wesselton mine, however,

there was a slight depression. The pipes vary in diameter from 20 to 750 yards, the usual

diameter beino- from 200 to 300 yards. In 1892 the diamond-bearing material had been

excavated in the Kimberley mine, which is the deepest of all, to a depth of 1261 feet, and,

as in the other mines, with no sign of exhaustion ; the rock is therefore continued to an

unknown depth.

The cross-sections of different pipes taken at the earth's surface differ widely both in

shape and area, as will be seen from the following data: Du Toit's Pan (Dutoitspan),

192,000 square yards in area, of a flat horse-shoe shape, 750 yards long and 200 yards broad ;

Bult^ontein, 118,000 square yards in area, almost circular in outline with a diameter of

363 vards ; De Beer's (De Beers), 66,000 square yards in area, elliptical in shape, measuring

320 yards from east to west and 210 from north to south ; Kimberley, 49,000 square yards

in area, oval in shape, 290 yards long and 220 yards broad, with a small projection

measuring 37 yards towards the east. The size of the pipe of the Jagersfontein mine is not

exactly known, its cross-section is between 100,000 and 110,000 square yards; exact details

respecting the Koffyfontein mine are also wanting, but in any case it is smaller than the

mine last mentioned. A peculiar feature of the Kimberley mine is the gradual contraction
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of the pipe in sectional area as greater depths are reached ; thus at a depth of about 300 feet

the two diameters are reduced to 260 and 160 yards respectively, and the contraction is

continued as still lower depths are reached. A diagrammatic section of the Kimberley

mine is given in Fig. 39, an explanation of which is given below.

The rocks composing the reef are, on the whole, much the same everywhere, still,

in the various mines, certain differences do exist.

The neighbourhood for a considerable distance round Kimberley is covered with a layer

of red clay, 1 to 5 feet thick ; underlying this is a bed from 5 to 20 feet thick of

calcareous tufa, also of wide distribution. This tufa is of recent origin and has no genetic

connection with either the reef or the diamond-bearing pipes, since it covers both

indiscriminately, and to a certain extent penetrates cracks and crevices in them. Beneath

this tufa lie the rocks of the Karoo formation which constitute the reef.

The uppermost part of the reef in the Kimberley mine consists of a series of bedded

shales, 40 to 50 feet thick, greenish-grey in the upper part and yellowish or greyish in the

lower ; they are of varying hardness, and at different levels in the mine are interbedded with

a fine-grained to compact olivine-basalt. Beneath these pale shales are about 270 feet of

black bituminous shales, very similar in character to the shales of the English coal-measures ;

certain of these beds are impregnated with iron-pyrites, and they often contain nodules of

clay-iron-stone, small bands of calcite, and thin lavers of coal, while interbedded with them

near their base is a sheet of basalt one foot thick. Beneath the black shales is a hard grey

or green amygdaloidal diabase (melaphyre), the base of which is not exposed in the open

workings, but is seen in the underground shafts at a depth of 440 feet below the upper

surface of the mass.

Beneath this igneous rock the shafts penetrate a bed of quartzite of about the same

thickness, and under this again black shales, both of which are penetrated in places by dykes

of eruptive rock (dolerite). The deepest shaft of the mine has not yet penetrated to the

base of the black shales, so that the total thickness of these beds is unknown. Probably

at still greater depths, as yet untouched by mining operations, there are deep-seated rocks,

such as granite, gneiss, or olivine-rocks, but this question will be discussed later.

In the De Beer's mine, a sheet of basalt 47 to 61 feet in thickness is met Avith in the

upper part of the reef, otherwise the beds are the same as in the Kimberley mine. A similar

sheet of basalt is present in Du Toifs Pan mine, but is absent from the Bultfontein mine.

The walls of the pipe consist here, as far as they have been laid bare, only of shales, which

are much displaced, sometimes having an inclination of at least 15° to the horizon ; this

is also the case to a certain extent in the De Beer's mine, while inother places the beds are

horizontal. In the Du Toifs Pan and Bultfontein mines the shales have not yet been

penetrated to their base, and their thickness appears to be greater here than in the Kimberley

and De Beer's mines, which lie a little further to the north.

The material filling the pipes, like that of the surrounding rock, is essentially

the same in every mine, and in every part of each mine, but in all mines the upper

portions of the pipes to a fairly considerable depth have suffered the effects of weathering.

Observable differences do exist, however, and an experienced miner can sometimes recognise

not only from which mine, but also from what part of a particular mine, any given specimen

of material has been taken. These small differences are usually connected with variations

in colour, hardness, and composition, the nature of the enclosed minerals and fragments of

foreign rock, &c, and are, as a rule, unimportant.

The different kinds of rocks constituting the material which fills the pipes are

separated by no trace of bedding planes, but masses of rock, slightly different in character

have been recently observed to be separated from each other in quite another way.
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Vertical, or nearly vertical crevices, not more than three-eighths of an inch across and filled

with a mineral substance resembling talc in character, penetrate the material down to the

lowest depth to which the mines have been worked. These divide the whole contents of each

pipe into a number of vertical

or nearly vertical columns, each

differing slightlyfrom theothers

in composition, but showing no

difference in its own mass.

These small variations in

the material filling the pipes,

as well as its character as a

whole, do not depend in any

way upon the nature of the

various rocks of the surround-

ing reef. It was formerly con-

tended that the character of the

reef had a more or less marked

influence on the richness in

diamonds of the material filling

the pipes ; thus it was feared

that when the base of the

black shale in the Kimberley

mine had been reached, the

yield of diamonds would cease,

since the formation of diamonds

was supposed to have been de-

pendent on some way on the

presence of carbon in these

shales. In consequence of this

belief, the value of mining

claims for a time fell ; but

the yield of diamonds at lower

levels, where the pipe is sur-

rounded by melaphyre, turned

out to be just as good as at

the higher levels in the shale.

Between the material fil-

ling the pipes and the enclosing

rocks or reef there is always a

sharp line of demarcation and

never a gradual transition.

Usually the two sets of rocks are in immediate contact, but not infrequently they are

separated by a space, sometimes of considerable Avidth, into which project beautiful

crystals of calcite. Other secondary minerals are also found in the numerous crevices by

which, in addition to the vertical cracks, the rock is penetrated.

The actual diamond-bearing rock itself which fills the pipes must now be considered-

In the upper portion of the pipes it consists of a light yellow, soft, sandy or friable

material known to the diamond miners as "yellow ground" or "yellow stuff?" This upper

portion, which has a thickness of from 50 to 60 feet, has now, in the Kimberley mine,

OUvme-rock.
Granite
Gneiss etc.
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Fig. 3). Diagrammatic section through the Kimberley mine.

(Scale, 1 : 4,00J.)
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been completely removed in the course of mining operations ; in the other mines, however,

a little still remains to be seen. The rock at a greater depth has the character of a volcanic

tuff or breccia, it is of a green or bluish-green colour, and is known as the " blue ground "

or " blue stuff.
11 Throughout the whole depth to which it has been worked it shows no

deviation from these characters.

The passage of the " yellow ground 11
into the " blue ground 11

is as a rule abrupt, and

the line of division is never quite horizontal, but inclined from 5° to 15° to the horizon.

Sometimes there is an intermediate reddish layer, known as " rusty ground " which passes

upwards into the " yellow ground 11 and below into the " blue ground.
11

Neither the "yellow

ground n nor the " rusty ground 11

is anything more than the weathered upper portions of

the "blue ground

;

11

the latter originally filled the pipes up to the surface, but the portion

exposed to atmospheric influences became altered and transformed into what is now known

as " yellow ground.
11

Similarly the " rusty ground
11

is a layer in which the alteration has

not proceeded as far as in the "yellow ground
11

; the uppermost layer, therefore, of " blue

ground 11

marks the level below which the weathering process has not yet commenced. In

the early history of the mines, this change in the colour of the diamantiferous material also

had the effect of diminishing the value of claims, since it was feared that the " blue ground "

might be deficient in yield. Experience of course showed that these apprehensions were

groundless, for the rock at greater depths proved as rich, if not richer, than the upper levels.

The " blue ground,
11

which thus fills the pipes, and from which the uppermost "yellow

ground " has been derived, has the appearance of dried mud, and consists of a green, or

dark bluish-green ground-mass, which gives its colour to the whole rock. It binds together

numerous fragments, larger or smaller in size, and with sharp, or in some cases rounded

corners, of a green or bluish-black serpentine rock. The actual material of the mud-like

ground-mass, and of the blocks which it cements together, is identical, the one being in a

finely divided condition, and the other in compact masses. These are the chief constituents

of the "blue ground,
11

but it contains also numerous mineral grains as well as fragments of

foreign rocks in large numbers. A piece of " blue ground
11

of its natural colour, and

containing a crystal of diamond embedded in it, is depicted in Plate I., Fig. 2.

Although the ground-mass is not very hard, it has a certain amount of toughness

which renders it difficult to work with a pick-axe ; it readily yields, however, to the chisel.

It can be scratched with the finger-nail and is somewhat greasy to the touch. The

qualitative chemical composition of the "blue ground 11

is almost identical throughout the

whole mass, but certain differences in the quantitative composition of different portions are

detected in analysis. All analyses which have been made of this material record the

presence of silica and magnesia in varying amounts, some ferrous oxide, usually only a little

lime, some water and carbonic acid, and little or no alumina. The material is thus

essentially a mixture of hydrated magnesium silicate and calcium carbonate.

The following is a quantitative analysis of a specimen of " blue ground
11

from the

Kimberley mine given by Professor Maskelyne and Dr. Flight

:

Per cent.

Silica (Si02)
39-732

Alumina (A1
2 3)

2-309

Ferrous oxide (FeO) 9-690

Magnesia (MgO) 24-419

Lime (CaO) 10-162

Carbon dioxide (C02)
6-556

Water (H
20) .,,,... 7-547

100-415
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The carbon dioxide (carbonic acid) is present in nearly sufficient amount to combine

with the whole of the lime to form calcium carbonate ; deducting this, the remainder,

consisting of hydrated magnesium silicate, with some of the magnesium replaced by
ferrous oxide, has approximately the composition of the mineral serpentine. It has thus

become customary to speak of the whole rock as a serpentine breccia, and this term,

or that of volcanic tuff or agglomerate, will be used in referring to the diamantiferous

material.

The blocks of foreign rock embedded in the breccia, which are often known as boulders,

have usually perfectly sharp edges and corners, though occasionally these may be rounded.

The size of these rock fragments varies from that of a small splinter to that of a block

several thousand cubic yards in dimensions. In the pipe of De Beer's mine there is a block

of olivine-basalt called " the island,
11
which has a sectional area of 330 square yards, and has

been traced to a depth of 237 yards. Large masses of similar rock occur commonly in all

the mines, they are referred to as " floating reef,
11

in contradistinction to the " main reef
11

which surrounds the pipe. This "floating reef
11

is more frequently met with in the upper

than in the lower levels of the pipes. Smaller fragments of the same rock have, however,

been met with at the greatest depths to which the mine shafts have been sunk, and here as

elsewhere they form a large proportion of the material filling the pipes, through which they

are distributed with the greatest irregularity.

Some of the rock fragments agree completely in character with the rocks of the main

reef, frequently consisting of amygdaloidal basalt (melaphyre), shales, &c. In some places,

the highly bituminous and carbonaceous shales are present in such large amounts that some-

times the presence of the fire-damp characteristic of coal-mines has been observed. It has

been asserted that diamonds occur only in those portions of the agglomerate in which

bituminous shales are present in large amount, and it has been argued from this that the

diamonds were actually formed from the carbonaceous matter present in these shales.

There is, however, reason to believe, as will be shown below, that the diamonds were formed

not in the pipes themselves, but at far greater depths in the interior of the earth from

which they have been brought up by the action of volcanic forces.

Beside the blocks, which have evidently been detached from the reef surrounding the

pipes, there are others which have not been found in situ in the neighbourhood, and which,

therefore, must necessarily have been brought up from below. In the Kimberley mine at

depths below 230 feet, there are found large blocks, several cubic yards in extent, of grey or

greyish-white sandstone, the grains of which are bound together by a calcareo-argillaceous

cement. They are of much the same character as the sandstone which, in other localities,

forms part of the Middle Karoo formation, and which from geological considerations must

form part of the reef at the Kimberley diamond mines at a great depth below the surface.

There also occur, though not so frequently, fragments of quartzite, mica-schist, talc-schist,

eelogite, and granite. The last named rock is rarely found, and when met with is so

decomposed as to be only doubtfully recognisable as granite. It was found in numerous

large blocks, and in smaller fragments in the upper portion of a small mine known as DoyFs

Rush about a mile from Kimberley. Such rocks crop out at the surface some distance north

of the diamond-fields ; it is therefore probable that their southern extension lies at a great

depth below Kimberley, and forms the base of the reef. Rock fragments of materials not

found in the reef enclosing the pipes, which in all probability have been brought up from

below, are called " exotic fragments.
11

The minerals embedded in the agglomerate are usually distributed through it with some

regularity, but very sparingly ; they constitute only about TÖV^ of the total mass of the rock
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and are therefore rather inconspicuous. A complete collection can only be made from the

residue left after the process of diamond-washing.

Among these minerals the most important, but not the most frequently occurring, is

the diamond : it is found in crystals developed regularly on all sides, and also in fragments,

such as would result from the breakage of larger crystals. It is remarkable, however, that

different portions of the same crystal are never found lying close together. The edges and

corners of the crystals are always perfectly sharp, not even the faintest trace of rounding can

be detected, so the stones of the dry diggings are easily distinguished from those of the

river diggings. A more detailed description of the special characteristics of Cape diamonds

will be given later, here we are concerned only with their mode of occurrence.

The diamond is a constituent part of the agglomerate in which it is embedded, and its

mode of occurrence in no way differs from that of other minerals contained in the rock.

Each crystal or fragment of a crystal occurs alone, firmly embedded in the agglomerate,

from which it can be extracted only with difficulty ; its surface is usually clean, but in some

cases is coated with a layer of limonite (iron hydroxide) or with a calcareous film, both of

which are easily removable. Until recently, no diamond had ever been observed attached to

another mineral in such a way as to suggest that the two grew side by side at the same

time. The discovery, however, of a diamond crystal attached in this way to a garnet shows

that such a growth does take place, though rarely.

Diamonds are to be found at the surface, and downwards through the "yellow ground,"

the " rusty ground,"" and the " blue ground," as far as the deepest mines have yet penetrated ;

thev do not occur, however, in equal number in all mines, nor in different portions of the

same mine ; numeric;") 1 details will be given later. In the Kimberley mine, which is unique

in this respect, the richness of the yield increases rapidly as lower levels are reached. The

different columnar divisions of each pipe vary in the number of diamonds contained, some being

?o poor that the working of them is unprofitable, others on the contrary beingjust the reverse.

The total number of diamonds contained in a given mass of any particular column is so

constant that it is quite possible to calculate beforehand how many carats of stones a certain

amount of " blue ground n
will yield.

The presence of diamonds in the "blue ground" is of enormous economic importance ;

regarded as a rock constituent, however, they are quite insignificant, being present in such

small amount that, had they been less highly prized, and of less general interest, they would

probably have been scarcely mentioned in a petrographical description of the rock. A
striking illustration of their sparing occurrence is furnished by the fact that in the richest

part of the richest mine, namely the Kimberley mine, they constitute only one part in two

millions, or 000005 per cent, of the " blue ground." In other mines the proportion is still

lower, namely one part in forty millions, a yield which corresponds to five carats per cubic

yard of rock, and which can be profitably worked. When the absolute amount of diamond

present is so small, slight variations in this amount in different parts of the rock, though of

great econcmic importance, are of little scientific significance.

In respect to the associated minerals of the diamond in the agglomerate, certain

differences exist between the various mines and between different parts of the same mine.

These minerals occur either in homogeneous grains of the same kind, or in small groups

consisting of minerals of various kinds. Those of most frequent occurrence are red garnet,

green enstatite, and vaalite (an altered mica), others are less widely distributed, some indeed

being regarded as great rarities. The most important of the minerals associated with the

diamond in these deposits will be now considered in order.

The garnet is of constant occurrence, and always in relatively considerable amounts.
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It is found in the form of rounded or angular grains, crystals, or even indications of

crystalline form, being never observed. The grains are usually in a fresh and unaltered

state, and therefore appear bright and transparent, some, however, are cloudy and opaque,

and of a reddish-brown colour, in consequence of a process of decomposition having

commenced. The colour of the unaltered garnets is variable, a deep wine- or hyacinth-red

is most frequent, red tinged with violet is less common, while light or dark brownish-yellow,

and a beautiful ruby-red are colours which are seen but rarely. Garnets of this ruby-red

colour are cut for gems and enter the market under the name of " Cape rubies.'" In size

the garnet grains vary from mere dust up to the size of a walnut. All specimens yet

examined contain a little chromium, and have the chemical composition of pyrope, itself

well known and much used in jewellery under the name Bohemian garnet.

The members of the pyroxene group most frequently met with are enstatite (and

bronzite) and chrome-diopside. The enstatite has the usual composition, but not the

usual appearance of this mineral. It occurs generally in fragments about the size of a

hazel-nut. It is transparent, with the colour of green bottle-glass, and has a distinct

cleavage and a conchoidal fracture. It closely resembles olivine in appearance, and is

frequently confused with this mineral. It is often found intergrown with garnet in such

a way that single grains of garnet are enclosed by a shell of enstatite. This variety of

enstatite is of more common occurrence than is the garnet. Another variety of enstatite

(bronzite) also occurs, but more rarely. It is brown in colour and less unlike the ordinary

mineral in appearance ; moreover, it has a distinct plane of separation in one direction.

Chrome-diopside, sometimes referred to as chromiferous diallage, though less common

than garnet, is yet very frequently met with. It occurs in irregular polyhedral grains of

about the same size as the garnet grains and with no trace of crystal-faces. It is emerald-

green in colour, translucent in mass, but transparent in thin splinters, and is usually

distinctly cleavable in one direction. Wollastonite, another mineral of the pyroxene group,

is also said to occur in the '* blue ground.*"

The amphibole group of minerals is represented by the green smaragdite, which,

however, is of rare occurrence. It has possibly been derived by the alteration of chrome-

diopside. The occurrence of tremolite and asbestos has also been reported.

An altered magnesium mica occurs everywhere in small shining scales of a greenish

or brownish colour or completely bleached. These thin plates or prisms frequently have

a regular six-sided outline, and show the characteristic cleavage of mica ; optically they are

almost uniaxial. This altered mica, which is distinguished as vaalite, sometimes occurs

aggregated into brown balls the size of a hen's egg, and in some places forms the chief

constituent of the " blue ground." The glittering scales of mica embedded in the " blue

ground *" are sometimes mistaken at first sight by the unpractised eye for diamonds.

Ilmenite (titanic iron ore) is another mineral frequently associated here with the

diamond. It occurs in shining black rounded grains with no indication of crystal-faces.

It contains some magnesia and is not magnetic. Formerly the diamond miners imagined

this mineral to be the black variety of diamond known as carbonado, and at present found

almost exclusively in Brazil. They were not easily convinced of their error, and the name

they gave it, carbonado, still remains. True carbonado occurs only very sparingly at the

Cape. Magnetite (magnetic iron ore) in grains and of the usual character is said to be of

frequent occurrence. Chromite (chromic iron ore), found in brilliant shining black grains

up to the size of a pea, and with a conchoidal fracture, is also fairly common. Zircon,

known to the Kimberley miners as "Dutch bort,'" occurs very rarely in transparent to

translucent grains of a very pale flesh colour, and about the size of a lentil or pea. Other
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minerals associated with diamond in the " blue ground " are iron-pyrites, sapphire, kyanite

topaz, and on very rare occasions colourless olivine. Apatite has been detected by chemical

tests, and gold was once found enclosed in eclogite at the Jagersfontein mine. Under the

microscope, graphite, tourmaline, rutile, and perofskite, among other minerals, have been

detected. The common mineral quartz, on the contrary, has never yet been observed.

The majority of the minerals mentioned above occur in all the mines, but some are

confined to particular pipes. Thus gold has been met with only in the Jagersfontein mine,

and up to the present the occurrence of sapphire also is confined to the same mine.

The parti-coloured residue left by washing the " blue ground * after sorting out the

large rock-fragments consists largely of grains of red garnet and zircon, the green minerals

of the pyroxene and amphibole groups, and black ilmenite and magnetite mixed with small

fragments of diabase. The absence from this residue of the other minerals mentioned

above is explained either by their rarity or by their having been lost in the washing

process. Diamonds are of course present, and are picked out by hand.

All the minerals mentioned above are original constituents of the " blue ground,
11 and

were already formed at the time it first filled the pipes. There are others, however, which

are of secondary formation, owing their origin to the weathering processes undergone by

the upper layers of the " blue ground." Such a secondary mineral is calcite, a not

unimportant constituent of the rock-mass, and occurring also in veins and crevices and as

crystals encrusting the walls of cavities in the rock. Other secondary minerals are zeolites,

especially mesolite and natrolite, sometimes found in beautiful groups of acicular crystals

;

also in places rough fragments of a bluish hornstone. Barytes, which is of rare occurrence,

is also probably a later-formed mineral. All these minerals of secondary origin, but

particularly the zeolites, are found most abundantly in the upper part of the pipes, which

is more exposed to the action of atmospheric agencies. At successively lower levels they

diminish in amount and finally disappear.

Stanislas Meunier has described a total of eighty different species from the "blue

ground,
11 but the existence of some of these as distinct mineral species probably requires

confirmation.

One other rock found in the "blue ground 11

of De Beer's mine remains still to be

mentioned, but is of no great importance. It penetrates the "blue ground 11
as a dyke

five to seven feet thick, and on account of its tortuous path is known locally as "the

snake.
11

It is a compact greenish-black rock of much the same composition and consisting

of essentially the same minerals as the " blue ground,
11

but it contains no diamonds.

The manner in "which the pipes have been filled with the material we have

been considering has been explained in many and various ways. The first investigator to

formulate a theory in accordance with all the observed facts was Emil Cohen, and the

views he propounded in 1873 have never been seriously controverted by any one of the

numbers of observers who have followed him in this field of inquiry.

He regards the pipes as volcanic vents or chimneys comparable with those, also

extinct, of the Eifel, and considers that the serpentine breccia now filling the pipes was

brought up from below by the action of volcanic forces, but at what period of geological

history this took place neither he nor later authorities can say. To quote Cohens own
words

:

" I consider,
11 he says, " that the diamantiferous ground is a product of volcanic action,

and was probably erupted at a comparatively low temperature in the form of an ash

saturated with water and comparable to the material ejected by a mud volcano. Sub-

sequently new minerals were formed in the mass, consequent on alterations induced in the
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upper part by exposure to atmospheric agencies, and in the lower by the presence of water.

Each of the crater-like basins, or perhaps more correctly funnels, in which alone diamonds
are now found, was at one time the outlet of an active volcano which became filled up,

partly with the products of eruption and partly with ejected material which fell back from
the sides of the crater intermingled with various foreign substances, such as small pebbles

and organic remains of local origin, all of which became embedded in the volcanic tuff'.

The substance of the tuff was probably mainly derived from deep-seated crystalline rocks,

of which isolated remains are now to be found, and which are similar to those which now
crop out at the surface, only at a considerable distance from the diamond-fields. These

crystalline rocks, in which the diamonds probably took their origin, were pulverised and
forced up into the pipes by the action of volcanic forces, and, embedded in this erupted

material, these same diamonds, either in perfect crystals or in broken fragments, are now
found. Analogous cases of the simultaneous ejection of broken and of perfect crystals are

afforded by some of the active volcanoes of the present day, and moreover, in many other

localities, the mother-rock of the diamond is probably to be found in the older crystalline

rocks. At any rate, these rocks contain, as a rule, just those minerals which are most

frequently associated with diamond. The beds of shale and sandstone interbedded with

sheets of diabase were broken through and fractured by the force of the eruption, and so

large blocks (floating reefs) and small fragments of these rocks became embedded in the

tuff. Since in well-borings in the neighbourhood of the mines bands of coal are often met

with interbedded with the shales, the coal, which is occasionally found in the diamond-

bearing ground, and which has been incorrectly thought to have some genetic relation with

the diamond, must have been derived from the seams of coal interbedded with the shales.'"

The fact that there is no genetic relation between the coal found in the tuff and the

diamonds, or in other words that 'the diamonds have not been formed in the pipes from

fragments of coal, is clearly shown by the frequent occurrence of diamond crystals in broken

fragments. Had the diamonds been actually formed in the " blue ground,
1 ''

it would be

difficult to find any explanation of the occurrence of so many broken crystals. If, on the

other hand, we suppose them to have been formed in a deep-seated crystalline rock, which by

the action of powerful volcanic forces was pulverised and forced up into the pipe or funnel,

the fragmentation of many of the crystals follows as a matter of course.

That the material filling the pipes was not washed into them by flowing water is

proved by the absence of any trace of wear in the minerals and rock-fragments enclosed in

the tuff", all of which preserve intact the sharpness of their edges and corners. Had the soft

and fragile materials, such as the abundantly occurring shales and mica, been transported

by water over even the shortest distance, they would inevitably show some sign of their

journeying.

A volcanic origin for the diamantiferous deposit thus appears to be the only possible

conclusion which can be drawn from the observed facts ; it should be noted, however, that

according to this theory the diamond itself did not originate in the same way, but was

formed in a deep-seated rock before the eruption took place. Cohen's theory is so closely

in agreement with the observed facts, that it has been very generally accepted, and up to the

present has only required modification in a single particular. In this theory it is assumed

that each pipe was formed and filled up by a single manifestation of volcanic activity and

that, excluding of course the effects of subsequent weathering and alteration, the pipe as we

now see it is the product of this single eruption. A consideration of the vertical columns

into which the pipes of " blue ground" are divided, and which differ from each other in

such characters as colour, composition, contained minerals and richness in diamonds, has led
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Chaper to the conclusion that each of these vertical columns is the product of a distinct

eruption. Since the columns are similar in general character and differ only in minute

details, he considers that they have been formed by a series of eruptions of the same type ;

in short, that each diamantiferous deposit or pipe is the product of a long-continued period

of volcanic activity. Thus, according to Chaper's view, the pipe of the Kimberley mine,

in which fifteen columns have been observed, is the result of fifteen successive eruptions.

Further observations in this direction are, however, desirable.

From the considerations brought forward above, it seems very probable that the South

African diamonds were formed in a deep-seated crystalline rock which became fragmented

and erupted to the surface by the action of volcanic forces ; and moreover, that the greater

part of this ejected, fragmentary material fell back again into, and filled up the vent or

crater produced by the eruption. From the nature of the minerals which accompany the

diamonds in the volcanic tuff, it is perhaps possible to draw some conclusions as to the

character of the rock in which the diamonds were formed. Almost all the minerals, which

are constituents of the rocks generally known as olivine-rocks, and which are widely

distributed in the earth's crust, are found amongst the minerals associated with the diamond

in u blue ground." It is therefore highly probable that the original mother-rock of Cape

diamonds was an olivine-rock, situated at a great depth below the earth's surface and

containing as constituents biotite (represented by the altered mica, vaalite), enstatite

(bronzite), garnet, and all the other minerals already mentioned, including of course the

diamond. Such a rock, which would be similar to a lherzolite in composition, has indeed,

though in a somewhat different sense, been named kimberlite, and from this, the " blue

ground " filling the pipes has been referred to as a kimberlite-breccia orakimberlite-tuff*.

This kimberlite-breccia or tuff, at least as far down as it has been reached by mining

operations, has undergone great alteration, its originally predominant constituent olivine

being almost completely altered to serpentine, so that very little of it is now to be seen.

This more or less complete alteration of olivine to serpentine in an olivine-rock is not at all

unusual, being a matter of common observation in all parts of the world. The other

constituents of the original rock have undergone less alteration and are in a more or less

fresh condition. At greater depths the decomposition of the olivine has been less complete,

and here may be found traces of kimberlite still unaltered, in which the olivine retains more

or less completely its original character.

The foregoing pages have been devoted to the consideration of the manner in which

the diamantiferous rock-mass actually occurs in the pipes. The question which naturally

follows, namely how the diamond itself was formed in its original mother-rock, the

kimberlite, will be treated generally below. We must first, however, notice certain other

theories as to the formation of the pipes, which are more or less opposed to that of Cohen,

as set forth above. According to the theory first promulgated by the late Professor H.

Carvill Lewis, and which has some substantial support, the ''blue ground " is not fragmentary

material or tuff, but was forced up from below into the pipe as a molten mass which

consolidated on cooling. According to this view, therefore, the " blue ground " is an

ordinary igneous rock, which solidified in the situation in which it is now found, and it

was with this supposed origin in his mind that the name kimberlite was proposed for the

diamantiferous rock by Carvill Lewis. This rock, which was originally an olivine-rock, is

supposed to have subsequently undergone the same alteration processes as described

above.

There appears to be a similar, though very sparing occurrence, of diamonds near the

village of Carratraca in the province of Malaga in Spain. According to the statement of
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A. Wilkens, a mine-owner resident there, a few diamonds were found in the seventies along

with pebbles of serpentine in a stream, in the neighbourhood of which serpentine with nickel

ores occurs in situ. It is therefore not impossible that these diamonds had been derived

from the serpentine. Similar relations between diamonds and serpentine rocks have also

been reported from Australia and the western part of North America.

Although the association of diamond with serpentine in South Africa renders it very

probable that the former has been derived from an olivine-rock, yet it is a noteworthy fact

that the only mineral found actually inter-grown with and firmly attached to the diamond

is garnet. Professor Bonney has recently (1899 and 1901) described the occurrence of

colourless octahedra of diamond as a constituent of rounded boulders of eclogite. These

boulders of eclogite, which is an igneous rock composed of garnet and green diopside, came

from the " blue ground " of the Newland's Diamond Mine in Griqualand West, about forty-

two miles north-west of Kimberley. The same observer describes the occurrence, also in

this mine, of rocks rich in olivine, such, for example, as saxonite and lherzolite, in which,

however, diamonds have not yet been observed.

At all other known diamond localities, especially those of India, Brazil and Lapland,

olivine or serpentine as a mineral associated with diamond is conspicuous by its absence.

In such localities, therefore, the mother-rock of the diamond cannot be an olivine-rock. On

the other hand, diamonds have occasionally been found in meteoric stones, of which olivine

is an invariable constituent, and the association of these two minerals in extra-terrestrial

matter is a fact of considerable interest and importance.

The mining operations for obtaining the diamonds at the dry diggings were

commenced at the end of the year 1870 ; by 1872 the industry was in a flourishing condition,

and since this date it has steadily developed. At first the deposits were worked, regardless

of future inconvenience, in an irregular and haphazard fashion, the aim of the miners being

to amass the greatest possible amount of treasure with the least possible immediate

expenditure of labour and money. Thus much valuable ground was covered with debris,

which subsequent workers were forced to remove at a great sacrifice of time, labour and

capital. In the deposits more recently discovered, the authorities have profited by former

mistakes and mining operations have from the first been carried out in a systematic manner,

with due regard to future necessities. .

Each diamantiferous area was at first divided into square lots or claims, as was the

custom in the gold-fields of California and Australia and also at the river diggings of South

Africa. These claims in the Kimberley and De Beer's mines were 31 feet, and in the Du

Toit's Pan mine 30 feet square; each claim therefore had an area of 100 square yards or a

little more. In the Kimberley mine there were 331 such claims, in the De Beer's mine 591,

in the Bultfontein mine 886 and in Du Toit's Pan, 1430. In the three last-named mines

the claims were laid out in such a way that there was no means of access to those in the

centre except over the surrounding lots; this inconvenient arrangement materially increased

the difficulty of mining and transporting material. When the Kimberley mine was opened,

the Government Inspector of Mines in what was then the Orange Free State, profiting by

past experience, arranged that every claim should be directly accessible by the construction

of fourteen or fifteen road-ways, each 15 feet wide and all running in a north and south

direction across the narrowest part of the mine. By this regulation every possessor of a

claim lost Ih feet of ground, and until the advantage of the arrangement was realised it was

bitterly opposed. In Plate VII. is shown the Kimberley mine as it appeared in 1872, with

these road-ways.

Up to 1877, no single individual was permitted to possess more than two claims, the
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only exception to this rule being that of the discoverer of the mine, who was allowed three.

Every intending digger had the choice of any of the claims which happened to be vacant,

and each tenant of a claim paid the owner of the land \0s. per month in return for a licence

permitting him to work the claim. Until 1873, the penalty enforced for leaving a claim

unworked during a period of seven days was forfeiture of the claim, which could then be

transferred to another digger.

To keep the whole of a claim constantly worked proved somewhat too heavy a tax on

the energy and resources of a single individual, the claims therefore came to be divided

up, one man making himself responsible for a half, a quarter or even one-sixteenth of a

claim.

More important than the sub-division of the claims was the amalgamation of several

under one management, a system which began to be adopted in 1877, after the regulation

preventing it had been rescinded. Companies were formed to buy up a number of claims,

and these, being under one central control, could be worked more expeditiously and

economically ; before very long, there were very few claims, or portions of claims, worked by

single individuals. Thus in the middle of the eighties, almost all the claims into which the

Kimberley mine was divided were in the possession of one or two large companies, while ten

years before, these same claims were the separate property of about 1600 persons ; the same

change also took place in the management of the other mines. The number of claims in the

possession of each company, of course, varied considerably, some having as few as four and

others as many as seventy. Many of these companies were formed with perfectly legitimate

objects, others however were nothing more than swindles, and the claims they had acquired

were usually very soon abandoned.

The immediate result of the formation of these companies was a large increase in the

production of diamonds ; thus while the total output of diamonds in 1879 was about two

million carats, in 1880 and 1881 it suddenly rose to over three millions. This large increase

was rightly ascribed to the advantages resulting from the partial amalgamation of claims

which had taken place, and it was strongly urged that this policy should be pursued to its

logical conclusion, and that the whole of each mine should be placed under one management

and one system of working. This proposition met at first with great opposition, but was

effected in 1887 by the managers of the De Beer^s mine, a company which, formed in 1880,

gradually acquired claim after claim, until in 1887, with a capital of .£2,332,170, it came into

possession of the whole of the De Beer's mine. The formation and development of this

company, which since 1887 has been known as the " De Beers Consolidated Mines, Limited,"

had the effect of greatly reducing the working expenses of the enterprise, which from 1882

to 1887 had amounted to 40 per cent, of the value of the output. In 1882 the production

of the diamonds cost the company 16*. 6d. per carat, while in 1887 this amount had been

reduced to 7*. 9d. ; at the same time the deposit had increased in richness as greater

depths were reached, an increase in the production of about 40 per cent, having taken place.

This increase in the richness of the deposit, combined with a diminished cost of production,

naturally affected the dividends of the company, which rose from 12 per cent, in 1886 to

16 per cent, in 1887 and 25 per cent, in 1888.

In spite of the success which has attended this effort in the direction of amalgamation,

the management of the other mines has not yet been altogether unified, though they are

more or less under the control of the powerful and heavily capitalised De Beers Company.

This company now has possession of the whole of the Kimberley mine, and the new

Wesselton mine, as well as of parts of the Du Toit's Pan and Bultfontein mines. Neither

of these two latter mines, however, is now worked, since the open workings have become
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covered by falls of reef and the underground workings are not yet organised. An idea of
the importance and influence of the De Beers Company may be gained from an inspection
of the returns dealing with the production of diamonds. Thus from April 1, 1890, to
March 31, 1891, this company alone produced 2,195,112 carats of diamonds,' valued at
£3,287,728, this being more than 90 per cent, of the total yield (2,415,655 carats) of the
four mines at Kimberley, or indeed of the whole of South Africa. This result is of course
due in some measure to the large amount of capital, ,£3,950,000, at the command of the
company.

The inception of this company and its pursuit of a policy of buying up all available
claims resulted in a considerable rise in the price of the latter, £10,000 or even £15,000
being asked for single claims, and proportionate prices for portions. The claims thus
acquired a definite market value, which depended on the richness of the deposit at that
particular place, usually known fairly accurately, and which of course varied at different

times. Thus the claims in the Kimberley mine in 1875 were worth from £200 to £2500
each, in 1878 from £50 to £6000, and in 1882 from £150 to £15,000 ; the value of the
whole mine being in these years £525,000, £1,300,000 and £4,150,000 respectively. At
one time the value of the shares in the Kimberley mine amounted to £8,000,000.

In the other mines the deposit was poorer and the price of claims correspondingly

lower. In the year 1880 the values of the richest claims in the Kimberley, De Beer's, Du
Toit's Pan, Bultfontein, Jagersfontein and Koffyfontein mines were in the proportion of

10 : 5 : 2 : 1 : -^ : TV. In other words, the richest claim in the Kimberley mine was 150
times more valuable than the richest claim in the Koffyfontein mine ; for the former £15,000
would be demanded and paid, while the latter would cost at the highest from £30 to

£100.

For a short time after the opening of the mines each owner of a claim worked alone

on his own piece of ground. It was found, however, that comparatively cheap labour could

be obtained by employing the native Kaffirs, and these were soon engaged in large numbers.

It is stated that in the seventies 10,000 to 12,000 Kaffirs were employed in the Kimberley

mine alone, and by some authorities this number is doubled. The diamantiferous rock was

excavated by the help of pickaxes or blasted with gunpowder, the latter agent being replaced

later on by dynamite. The excavated material was then either loaded into carts or simply

carried away from the mine. The whole mine was thus honey-combed with square pits

which varied in depth in different claims, those which had been vigorously worked being

very deep and enclosed by high vertical walls, and others having the appearance of rectangular

columns, so high that they sometimes fell over and buried neighbouring claims with debris.

The road-ways by which the claims in the Kimberley mine were separated, soon came to be

mere walls, the surfaces of which rose high above the floors of surrounding claims and gave

the whole mine a peculiarly striking appearance, as may be gathered from Plate VII.

Owing to the ease and rapidity with which the tuff' composing these walls became

weathered, they formed anything but stable boundaries, and as early as 1872 they had to

be removed. After their removal, the mine had the appearance of one gigantic pit ; the

rock subsequently excavated could not then be removed in the same manner as before, and

other means had to be devised. The mine was surrounded by high, wooden stagings

provided with ropes and winding machinery, by the aid of which the diamond-bearing

material was hauled up in sacks or buckets of hide. The owner of every claim, or part of a

claim, had his own hauling rope, so that at this time, about 1874, the total number of these

ropes was very large and gave the mine, which is pictured in the upper figure of Plate VIII.,

the appearance of a huge cobweb. The winding was first effected by hand windlasses, then
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by horse-power, and finally by steam, the delay in the adoption of the latter being caused

bv the cost of importing machinery and coal. In spite of this difficulty, there were in J 880

no less than 150 steam-engines employed at the Kimberley mines, and in 1882 this number

had been increased to 386 with a total horse-power of 4000, and this was further supple-

mented by the use of 1500 horses and mules.

The continual increase in depth of the claims was attended by increasing difficulty in

excavating the tuff and by frequent accidents, due to falls of loosened material. These

difficulties were still further complicated by the fact that falls of reef also began to take

place. Often masses of rock would fall sufficient to bury, wholly or in part, many of the

surrounding claims; and in such claims no further excavation of "blue ground" was

possible until the overlying mass of reef had been removed. In September of 1882, in the

S. -Shafts
D ~IKa2>ase dykes

Fig. 40. Section through the Kimberley mine. (Scale, 1 : 4800.)

Kimberley mine, there was a fall of reef, estimated at about 350,000 tons, which buried no

less than 64 claims ; in 1878 one-quarter of the total area of the mine was strewn with

fragments of reef. In 1879 and 1880, ,£300,000 was expended in removing this fallen

material, and in 1882, £500,000 more was spent for the same purpose, and even then this

obstacle to progress was not entirely removed. From the Kimberley mine alone a total of

about four million cubic yards of reef have been removed, at a cost of £2,000,000. To

what an extent the difficulties occasioned by a fall of reef influence the production of stones

can be seen from the fact that the yield of the Kimberley mine, during the 18 months

which preceded the catastrophe mentioned above, was 1,429,728 carats, but in the following

18 months only 850,396 carats. The frequent falls of masses of reef and the removal of

other masses which threatened to fall, resulted in a great increase in the surface area of the

mine. Thus in the middle of the eighties, the Kimberley mine, a representation of which

is shown in the lower figure of Plate VIII., was a crater-like pit 385 yards long, 330 wide

and 400 feet deep.
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The appearance of water in the mine still further added to the embarrassment of the

workers, and constituted a difficulty which was quite insuperable so long as the owners of

the claims worked independently. The necessity for co-operation was met in 1874 by the

institution of the Kimberley Mining Board, a body which undertook all work of public

benefit, such as the removal of water, of fallen reef, and of reef about to fall, the expense

incurred being shared equally by the owners of the claims. It was about this time that the

formation of companies began to take place, although at first this form of co-operation was

strongly condemned by individual miners, yet as time went on it became more and more

apparent that the increasing difficulties and expense of working could only be overcome in

this way. The larger capital at the disposal of the companies enabled them to employ the

best machinery and to adopt all the improved modern methods of working, and thus to

decrease the working expenses, and at the same time to increase the production.

£ Uorth.

Fig. 41. Section through the De Beer's mine. (Scale, 1 : 4800.)

Although the amalgamation of individuals and capital rendered it possible to prolong

for a time the system of open workings, yet, as time went on, it became very evident that

this system could not be continued indefinitely, and that the open workings would have to

be replaced by systematic underground workings, if the treasure hidden away in the depths

of the mine was ever to be reached. A very successful beginning was made at the Kimberley

mine in 1885, and in 1891, at this same mine, a shaft was driven into the reef to a depth of

1261 feet, from which horizontal galleries or tunnels were excavated to meet the diamond-

bearing rock. In the section of the underground workings of the Kimberley mine shown

in Fig. 40 may be seen these tunnels or galleries, situated partly in the diamantiferous pipe

itself and partly in the surrounding reef. The lowest depth at which material could be

excavated in the open workings was about 400 feet, so that the construction of the under-

ground workings made accessible large quantities of fresh material. Moreover, the new

system did away with the liability of the workers to injury from falling reef, and many of

the earlier regulations dealing with this danger, became then unnecessary. The same system

was also introduced in the De Beer's mine, a section through which is given in Fig. 41,

although here the falls of reef had been less troublesome.
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The earlier methods of extracting diamonds from the rock when excavated,

were as primitive as were those first adopted for mining the rock. It has been mentioned

above that the dry diggings are situated on an arid plateau, and at the time of their first

discovery the water required for every purpose had to be fetched from the Vaal River, many
miles away. This necessity forbad the washing of the diamantiferous material as was

practised at the river diggings. The mass had therefore to be coarsely broken up with

wooden pestles and the coarse and fine material separated by sieves ; the material of medium
grain was then, as in the river diggings, spread out in a thin layer on a sorting-table, and

any diamonds it contained picked out by hand.

By this method all the stones which passed through the fine sieve, the mesh of which

was about ^ to T\ inch, were of course lost, these smaller stones being not then considered

worth the time and trouble involved in their collection. The larger rock-fragments

separated by the use of the coarse sieve with a mesh of § to § inch were thrown aside,

though many would of course contain diamonds. It is estimated that during the period in

which these methods were practised, at least as many diamonds were overlooked as were

found, and in 1873 the debris was reworked and yielded a rich harvest. The material taken

from the richest part of the mine has been worked over even a third time, and thanks to

the use of improved methods, the result amply repaid the workers for their trouble.

Hundreds of poorer miners, who were not fortunate enough to possess a claim, gained a
living by working over the material of old mine heaps, as is still done at some places in

India.

The lack of water was not felt for long ; very soon a main 18 miles long, bringing

water from the Vaal, was constructed, and this supply was further supplemented by the

numerous springs in the district, and by the water pumped out from the mines themselves.

Thus it soon became possible to treat the diamantiferous material in the same way as at the

river diggings, and so the term dry diggings came to be a misnomer. At first, the " blue

ground ,1
was reduced to fragments and then washed by the aid of the same simple appli-

ances as had been in use at the river diggings. Improved methods, however, were

gradually introduced ; thus in 1874, a washing machine worked by hand was employed for

the first time, and this in 1876 and 1877 was itself replaced by a machine driven by steam.

The construction of this was so much improved that it was capable of dealing with almost

two thousand times as much material as could formerly be treated by washing, and of

collecting stones which, on account of their small size, had formerly been lost. The
diamonds are picked out by hand from the heavy residue, and are finally freed from any

foreign matter which may adhere to them, by treatment with a mixture of sulphuric and

nitric acids, after which they are ready for the market.

The " blue ground " excavated from the deeper parts of the mine is too hard and

compact to be washed without previous treatment. It is therefore spread out in thin layers

on the hardened ground of large fenced-in spaces, known as depositing floors. Here^

exposed to frost, rain and sunshine, it gradually weathers, becoming friable and crumbling,

when it is fit to undergo the process of washing. The weathering of the material, which is

accompanied by a change from the normal colour of "blue ground " to that of "yellow

ground," takes from one to nine months, according to the character of the weather to which

it has been exposed, and to the mine from which the material was taken. "Blue ground"

from the Kimberley mine weathers in about half the time required for the same process by

the material from De Beer's mine; the latter sometimes requires several years for the

completion of the process, while a few months is usually all that is necessary for material

from the Kimberley mine.



Plate VIII

KIMBERLEY DIAMOND MINE IN 1874

KIMBERLEY DIAMOND MINE (WEST SIDE) IN 1885
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The longer the period required for the weathering process, the more will the profit

derived from the yield be diminished. For during this period there are many expenses and
losses incurred, such for example as ground rent, which is very high, wages of labourers

and watchmen, losses due to thieving, &c. Any means whereby the slow natural process

could be hastened would therefore be welcomed, but up to the present no such means have

been devised.

A factor which has largely contributed to the hardships of the South African diamond

fields is the high price of the ordinary necessities of everyday life. This scantily-peopled

region, in which only the barest necessaries could at one time be obtained, became inhabited

with comparative suddenness by a population of at least 30,000 white people. The many
and various articles necessary to their existence on these barren arid wastes had all to be

conveyed from Capetown, Fort Elizabeth, or some other seaport town. The transport

was effected in waggons, drawn by horses, mules or oxen, and the long and difficult

journey to Kimberley occupied several weeks. The rates for transport from Fort Elizabeth

to Kimberley, a distance of 500 miles and requiring about four weeks, were from 10*. to 30*.

per 100 lbs of goods, and from Capetown to Kimberley, a journey of 650 miles, occupying

about six weeks, they were still higher. Other prices were of course correspondingly high :

thus, Cohen relates that in the year 1872 a bottle of beer cost 3*. 6VZ., and good Rhenish

wine 18*. a bottle ; a cabbage could never be obtained for Jess than 3*., potatoes were as

high as 1*. per lb., and eggs were 6*. a dozen. At some seasons of the year a day's supply

of fodder for a horse cost 15*., English coal fetched =£16 10*. per ton, and a waggon load of

wood of about 4J tons was worth ^?30. The same authority states that ^8000 was paid

for a steam-engine of 100-horse power delivered in Kimberley. It is not surprising then,

that with these prices for coal and machinery, steam power was so long in coming into

general use, especially as it was not at first known that the diamantiferous deposits were so

extensive. The cheapest food available was antelope flesh, a whole animal the size of a deer

costing only from 3*. to 8*. ; meat, therefore, was the staple article of food, and every drop

of water had to be bought.

The wages paid to overseers and miners had of course to correspond with these high

prices. The overseers and officials, who were all white men, were paid up to d£2000 per

annum. White miners, of whom in 1882 and 1883 there were about 1500, received from

<£4 to £8 per week, while the native workers, about 11,000 in number, were paid 22*. to

30*. per week.

All these details apply to the time when Kimberley was still unconnected by railway

with the coast towns. Since 1885, it has been joined to Capetown by a line 647
'J

miles

long, and to Fort Elizabeth by one of 485J miles. The construction of these railways

considerably diminished the cost of transport, and, in consequence, the price of many of the

necessaries of life fell ; moreover, it became possible to make more extensive use of coal,

which was brought both from England and also from the South African mines at Stromberg

in the Indwe district of Cape Colony, a place which has also been connected by rail with

Kimberley.

For comparison with the prices quoted above, a few of more recent date may be given.

In 1891 a ton of English coal cost at Kimberley £8 10*., and 100 lbs. of wood fetched 2*.

The transport of goods from Port Elizabeth to Kimberley costs from £6 to £8 per ton,

and the journey occupies only about thirty hours, instead of four weeks, as was formerly the

case. The reduction in the cost of living is of course accompanied by a corresponding fall

in wages ; from £3 to £6 10*. per week is paid to white men, while Kaffirs earn at most

24*. per week, exclusive of housing, wood, water and medical attendance.
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The climate of Kimberley cannot be considered anything but healthy ; in winter it is

mild and pleasant ; in summer, however, from September to March, it is often very hot, in

spite of its elevation of 4012 feet above sea level. There is often no rain for months

together, and the whole of the rainfall usually takes place in a few heavy downpours. Since

the erection of suitable dwellings for the miners and the improvement in their mode of

living, the deadly camp-fever has been almost unknown, and the district can no longer be

considered an unhealthy one, a consideration which has an important bearing on the output

of diamonds.

Year. Weight in carats. Yalue per carat. Total value per year. Total value for 5 years.

1867
|

1868 }

200

£ s. d. £

650

£

1869 16,550 1 10 24,813

1870 102,500 1 10 153,460

1871 269,000 1 10 403,349

1872

1873

1,080,000

1,100,000

1 10

1 10

1,618,076

1,648,451

2,200,348

1874 1,313,500 1 1,313,334

1875 1,380,000 1 2 6 1,548,634

1876 1,513,000 1 1,513,107

1877

1878

1,765,000

1,920,000

19 6

1 2 6

1,723,145

2,159,298
7,746,671

1879 2,110,000 1 4 6 2,579,859

1880 3,140,000 1 1 6 3,367,897

1881 3,090,000 1 7 4,176,202

1882

1883

2,660,000

2,410,000

1 10

1 2 9

3,^92,502

2,742,470
16,275,758

1884 2,263,734 1 4 9 2,807,329

1885 2,439,631 1 5 2,489,659

1886 3,135,061 1 2 4 3,504,756

1887

1888

3,598,930

3,841,937

1 3 7

1 1

4,242,470

4,022,379
15,786,684

1889 2,961,978 1 9 3 4,325,137

1890 2,504,726 1 13 3 4,162,010

1891 3,255,545 1 5 8 4,174,208

1892 3,039,062 1 5 8 3,906,992

20,590,726

Total 50,910,354 Mean 14 8 62,600,187

In spite of the many and varied difficulties which have been encountered, the develop-

ment of mining operations at Kimberley has been so extensive that, although the stones are

of relatively sparing occurrence in the " blue ground,'
1

an enormous number must have been

found. An idea of the extent of the output may be derived from an inspection of the

above table, which is copied from Reunert. In this table is given the yearly export of
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diamonds from South Africa since 1867, the total value of this export, and the mean value

per carat, the whole of the information having been derived from the most reliable sources

available. The yearly export, though not exactly identical with the production, approaches

it very nearly, and is sufficiently close for all practical purposes. The numbers quoted in

the table may differ slightly from other returns, but are accurate enough to convey a correct

idea of the gigantic scale of the output.

It should be remarked that the numbers given in this table for the years 1867 to 1882

are based only on estimates. Exact statistical records have only been kept since the estab-

lishment of the " Board for the Protection of Mining Interests " in 1882. It may be difficult,

from the numbers given in the table, to form a correct conception of the enormous quantity of

diamonds which have been exported from South Africa ; a few concrete examples are therefore

appended as an aid to the imagination. The total weight of stones exported amounts to

almost 51,000,000 carats, which is equal to 10,500 kilograms, or nearly 10^ tons. These

stones would fill a box five feet square and six feet high ; they would also form a pyramid

having a base nine feet square and a height of six feet.

An exact record of the yield of each of the Kimberley mines has also been kept since

September 1, 1882. The unknown, but probably very considerable, number of diamonds

stolen by the workers from their legitimate owners, cannot of course be included in these

records ; the value of the diamonds misappropriated every year is variously estimated at from

,£500,000 to £1 ,000,000. During the three years between September 1, 1882, and Sep-

tember 1, 1885, the four Kimberley mines, from which, as has already been mentioned, over

ninety per cent, of the total South African output is derived, have yielded, according to

official returns, the following amounts in carats :

Sept. 1, 1882 to March 1, 1884 to Total for the

March 1, 1884. Sept. 1, 1885. 3 years.

Kimberley mine .... l,429,726f 850,3961 2,280,123£ carats

De Beer's mine .... 656,427 790,908f l,447,335f „

Du Toit's Pan mine . . . 709,877£ 773,306f 1,483,183| „

Bultfontein mine .... 738,230^ 877,647^ l,615,877f „

This gives the yearly average for the four mines together at 2,372,809| carats, valued at

£2,628,289 3*. Id.

In the year 1886, the production of these four mines, and of a few others of less import-

ance, as well as of the river diggings, amounted to

:

Carats. Value.

£. s. d.

Kimberley mine 889,864 836,767 17 7

De Beer's mine 795,895 739,937 2 8

Du Toit's Pan mine 700,302* 909,023 11 5

Bultfontein mine 661,339* 623,339 17 3

St. Augustine's mine 2%H 317 19
f

River diggings 38,672* 181,156 9 2

Orange River Colony 73,303f 121,654 15 1

3,159,617f 3,412,197 12 6

The figures in the three tables given above are in all probability too low, since there are

many sources the supply from which it is difficult or impossible to estimate. Thus the total

production of the river diggings, and of the Jagersfontein and KofFyfontein mines in the

Orange River Colony, is not exactly known, the numbers in the table referring not to the

total production, but to the diamonds sent from these mines and diggings to the central
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market at Kimberley. The first of the above three tables gives the total yearly production

for the whole of South Africa, from the discovery of diamonds in 1867 up to the year 1892.

Details connected with the production in certain years of individual mines are collected

together in the second and third tables.

Formerly, when the claims were in the possession of single individuals or small companies,

the aim of the owners was to obtain and sell as many stones as possible. Now, however, the

output is controlled by the " De Beers Consolidated Mines,
11 and only a certain number of

stones are placed on the market, in order to keep up the price. Experience has shown that

the annual demand for diamonds, both for jewellery and for technical purposes, amounts in

value to about ^4,000,000. Taking the average value of rough stones at 9,1s. per carat, this

corresponds to a weight of rather over 3,800,000 carats, or about 15^ cwts. ; the yearly

production of Cape diamonds is rather over 3,000,000 carats, and the difference between

these weights represents the amount supplied by Brazil, India, Australia, and Borneo.

Although the total weight of stones collected is so enormous, yet the relative amount
of diamond in the "blue ground" is extremely small. The proportion which this

constituent bears to the whole mass varies both in different mines and in different parts of

the same mine. Thus in some mines the " blue ground 11
excavated from successively lower

depths has shown a marked increase in richness. It would be naturally of great importance

to those interested, were it possible to foretell whether such an improvement in yield would

be maintained or not ; this, however, is not possible, and it is equally impossible to give any

explanation of the variation.

The Kimberley mine, since its discovery in July 1871, up to the present day, has

been the richest of all the deposits. Many of the original miners made their fortunes in less

than a month, and one case is quoted in which diamonds to the value of over i?10,000 were

found in the short space of a fortnight. A cubic yard of " blue ground " from the Kimberley

mine contains more diamonds than a mass of equal size from any other district ; this being

so, mining operations were here prosecuted with great vigour, all the other mines being at

one time forsaken. Owing to the want of reliable statistical reports dealing with early times,

it is not possible to determine with certainty whether the deposit increases in richness as

greater depths are reached, or not. Probably it does not, and if this be so, the Kimberley

mine differs in this respect from the others.

Boutan has collected statistics dealing with the content of diamonds in the " blue ground
11

excavated from the Kimberley mine by certain companies. From the year 1881 to 1884,

this varied between 3*04 and 7*17 carats per cubic metre (about 1*3 cubic yards), an amount

corresponding to two- to five-millionths of a per cent. This yield, however, applies only to

the richest parts of the " blue ground,
11
the mean yield for that part of the deposit which is

worked, taking rich and poor together, is about 4'55 carats per cubic metre (3*5 carats per

cubic yard). If, however, the material of the western side of the mine, which on account of

its poverty is not worked, is also included, the mean yield for the whole deposit will be

4*20 carats per cubic metre of " blue ground,
11

or on the average three-millionths of a

per cent.

The dimensions of the portion of the deposit which is worked being known, it can be

calculated that the excavation of k
' blue ground " to a depth of one metre would result in the

production of 88,000 carats of diamonds, which at £1 per carat would be of the aggregate

value of i?88,000. From the same part of the deposit, a cubic metre of worked material

would contain on an average £4} lis. worth of diamonds.

The De Beer's mine is 1^ times the size of the Kimberley mine ; the central point of

the former is situated 1771 yards to the east of the central point of the latter. The deposit
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ranks next to that of the Kimberley mine in richness, although it was at first very poor, only

yielding ^ carat to the cubic metre of rock. The yield, however, increased rapidly as greater

depths were reached ; at a depth of 300 to 400 feet it had increased tenfold, so that 3| carats

of stones were then obtained from a cubic metre of rock. From the year 1882 to 1884 the

yield obtained by some companies varied between 1*28 and 3*52 carats ; the mean yield for

the whole mine was estimated at 3*15 carats per cubic metre of rock, worth, at the higher

price commanded by stones from this mine, £3 9s.

The richness of this mine varies not only with the depth, but also at different places on

the same level. The best part of the deposit is not surpassed in richness by any part of the

Kimberley mine, while other parts are so poor that they are not worked at all. The central

portion is very rich, and extensions of this stretch out especially towards the north and south,

forming a great contrast to the western third of the mine, which is extremely poor. A
beautiful yellow octahedron, weighing 302 carats, was found in the eastern side of the

deposit, on March 27, 1884.

The increased richness of the lower lying parts of the deposit led to an attempt being

made, soon after the opening of the mine, to excavate the deeper portions by means of

underground workings, leaving the poorer portions standing above. The attempt was very

successful as far as yield was concerned, but, owing to the imperfect methods adopted, was

attended by so many accidents that it had to be abandoned. Since 1885, however, when, as

we have already seen, the construction of underground workings began to be more skilfully

engineered, the excavation of the deeper lying material has been resumed.

The Bultfontein mine is situated 4840 yards to the south-east of the Kimberley mine.

A cubic metre of the surface material yielded only a small fraction of a carat, but here also

a rapid and regular improvement in the deposit as lower depths were reached was manifested,

the yield at a depth of 200 feet having increased threefold. The increase in the richness of

the deposit took place in this mine with almost mathematical regularity, and was attended

both by an improvement in the quality of the stones, and by a diminution in the number of

fractured crystals. In 1887 a depth of 460 feet had been reached, a depth which has never

been exceeded in open workings. In the period 1881 to 1884 the yield varied between 0*56

and 1*27 carats per cubic metre of " blue ground," the mean yield being about 105 carats,

so that a cubic metre of rock contained diamonds to the value of about 23«?. Underground

workings have not yet been established in this mine so that from it may be derived an idea

of the appearance presented by the other mines in earlier days.

Du Toit's Pan mine is 1320 yards distant from Bultfontein mine, and 3542 from

De Beer's mine. In 1874 the mine was almost deserted, the yield being so small, and it has

only been systematically worked since 1880. Here again the surface rock was poor, and

yielded at the best of times only J carat per cubic metre of material ; here also the deposit

improved at greater depths, but not so rapidly as in the De Beer's mine. At a depth of 175

feet, at which the yield had doubled itself, a peculiarity not hitherto noticed in any other mine

was observed : the richness of the deposit was found to be absolutely identical at all points

on the same level, so that no variation in the yield was experienced. From this point down-

wards the yield rapidly increased, approaching that of the Kimberley and De Beer's mines.

From 1881 to 1885 the yield varied between 0*31 and I'll carats, the mean yield being 0*77

carat per cubic metre of " blue ground," having the average value of 22*. In this mine, as

in the Bultfontein mine, the increase in richness of the deeper lying deposit was accompanied

by an improvement in the quality of the stones, and by a diminution in the number of

broken crystals. The open workings were here excavated to a depth of over 400 feet, and

underground workings have been scarcely as yet commenced.
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The Jagersfontein mine, near Fauresmith, in Orange River Colony, contains only

0*10 to 035 carat of diamond per cubic metre of " blue ground."" The poorness of the

yield is, however, in some measure compensated for by the singular beauty and size of the

stones. For the year ending March 31, 1891, the average value per carat of stones from

this mine was 37*., stones from the Kimberley mines being worth only 25*. 6d. per carat.

The largest diamond known was found in this mine in 1893; it weighed 971 f carats and

will be figured (Fig. 51) and described later on. A very fine stone of 655 carats was found

here also at the end of 1895. The mine was opened in 1880, was abandoned for a time

about 1885, but was subsequently re-opened.

The Koffyfontein mine, also in the Orange River Colony, gives a smaller yield still,

amounting to only about two-thirds that of the Jagersfontein. The stones, however, are of

good quality and are worth about 30*. per carat ; from December 1887 to April 1891, 9912

carats of diamonds, valued at £14,640, were mined here.

The relative importance of the different mines is also shown to a certain extent by a

comparison of the number of workers employed in each. Thus in the year 1890 the

numbers were as follows

Whites.

682

495

De Beer's mine .

Kimberley mine

Du Toit's Pan mine

Bultfontein mine

67

37

Blacks.

2780

1800

400

300

1281 5280

The number of persons employed in the mines at Kimberley in the year 1892 is given

in the following table. This includes two mines not before specially mentioned, namely

Otto^ Kopje and St. Augustine's, the former being situated a couple of miles to the west of

Kimberley, and the latter in the town itself.

Name of Mine

Above ground. Below ground. Total.

Grand
Total.

Whites. Blacks. Whites. Blacks. Whites. Blacks.

Kimberley

De Beer's

Du Toit's Pan
Bultfontein

St. Augustine's

Otto's Kopje .

372

693

9

3

982

2098

15

54

133

229

10

822

1812

13

505

922

96

186

19

3

1804

3910

654

933

28

54

2309

4832

750

1119

47

57

1077 3149 372 2647 1731 7383 9114

We turn now to the consideration of the characters and the quality of Cape diamonds,

that is to say, the form and condition of crystallisation, colour, size, &c, peculiar to stones

from this region.

These diamonds usually occur as distinct crystals, symmetrically developed in all

directions and with perfectly sharp edges and corners ; but fragments of larger crystals,

bounded by cleavage surfaces, and which are therefore cleavage fragments, also occur with

considerable frequency. These cleavage fragments are sometimes of fair size, the original
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crystals, of which these fragments are part, probably varied in size from 3 to 500 carats

;

large cleavage fragments are known as " cleavages,"'' while fragments weighing less than a

carat are referred to as " splints." It is a remarkable fact that these cleavage fragments are

nearly always white, that is colourless, or at least very faintly coloured ; fragments of a dark

colour, or of a decided yellow, are extremely rare, so that we must conclude that such stones

offered greater resistance to fracture than did the colourless diamonds.

The crystalline form is on the whole very regular, and the edges and corners never

show signs of having been water-worn except of course in stones from the river diggings.

Octahedra with curved and grooved edges (Fig. 31, n and o) are very frequent, while

rhombic dodecahedra with curved faces (Fig. 31 c), and with singly or doubly nicked faces

(Fig. 31 d) are rare. Crystals of this kind, when not unduly distorted, are greatly prized,

especially the octahedra, for it is possible to give such stones the desired brilliant form with

very little preliminary cleaving and loss of material. Cubes (Fig. 31 #), which are specially

characteristic of Brazil, are practically non-existent at the Cape, extremely few diamonds

with this form having been found. While hemihedral forms (Fig. 31 k) are of rare

occurrence, twinned crystals, on the other hand, are very abundant ; the twinning takes place

according to the usual law, with a face of the octahedron as the twin-plane, and the

individuals of the twin being two octahedra (Fig. 31 g), two rhombic dodecahedra, or two

hexakis-octahedra (Fig. 31 A), which are much flattened in the direction of the twin-axis.

The external form of twin-crystals varies with the development of the individuals, and may

be tabular, lenticular, heart-shaped, &c. On account of their small thickness they are not

very suitable for cutting as brilliants, and are generally used for rosettes ; they are for this

reason less highly prized than are other forms, such as the octahedron, and command a lower

price. When the junction of the two individuals in flattened twin-crystals is distinctly to

be seen, the stones are known in the trade as "twins," while those in which the junction is

less conspicuous are referred to as " macles " (mackel).

Besides the occurrence of twinned crystals consisting of two individuals which have

grown together in a symmetrical manner, there occur groups consisting of two or more

individuals irregularly intergrown. An example of this irregular intergrowth is furnished

by the spheres of bort, which have been already described and which occur very frequently

both here and in Brazil. The surface of these spheres is seldom quite smooth, the projecting

corners of the numerous small octahedra, of which the sphere is built up (Plate I., Fig. 3),

being the cause of the irregularities of its surface. The size of these peculiar crystal

aggregates is sometimes quite considerable, spheres weighing as much as 100, or even 200

carats, having been found. Occasionally, the centre of a sphere of bort is occupied by a

single large, colourless crystal, which falls out of the rough, grey shell, when the latter is

broken.

The size of the Cape diamonds is extremely variable, and ranges from that of the

largest to that of the smallest stones yet found in any country.

When the operation of washing is performed with sufficient care, it is possible to collect

numerous stones weighing no more than ^ carat (about 7 milligrams). The improved

washing machinery now in use is capable of collecting stones of this small size just as easily

as larger specimens. Formerly these small stones were lost in the process of washing, and

this gave rise to the belief that diamonds less than J carat either did not occur at all, or

only very rarely, at the Cape. The existence, hitherto unsuspected, of large numbers of

microscopically small diamonds, together with particles of carbonado and of graphite, in the

" blue ground " has been recently demonstrated ; the occurrence together of diamond and

graphite is worthy of special remark.
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The most salient feature of the South African diamond-fields, as compared with those

of other countries, is the prevalence of stones of large size. It will be remembered that

in Brazil the discovery of a stone of 17 carats was such an event that its finder, if a slave,

was rewarded with his freedom. In South Africa stones of this size occur in hundreds and

in thousands ; and the discovery of a stone of 100 carats causes less excitement than did the

finding of a 20-carat stone in Brazil. Stones of 80 to 150 carats are of common occurrence,

scarcely a day passes in which a stone between 50 and 100 carats in weight is not brought to

light. Since the year 1867, when the South African deposits were discovered, the number of

large stones, which have been found there, far exceeds not only the number unearthed in India

in the course of a thousand years and in Brazil during a period of 170 years, but also the total

production of large stones in these two countries added together. Diamonds which weigh

after cutting upwards of 75 carats have occurred at the Cape in greater numbers than in

any other known locality. While the mean size of Brazilian diamonds is scarcely one carat,

the majority of South African stones are of this or larger size, excepting, of course, those

stones which are rejected as being unsuitable for cutting.

We have already mentioned that the largest diamond known, the " Excelsior,*
1
'
1

was

found at the Jagersfontein mine in 1893. It is a stone of the first water, weighing 971f
carats, and will be described and figured (Fig. 51) in the section dealing with large diamonds.

The next largest Cape diamond is the one of 655 carats found in the same mine in 1895,

which is stated to be of unusually fine quality. Another stone of 600 carats, but of poor

quality, is said to have been found in this mine. A stone of 457£ carats was found in one

of the mines, but which one is not recorded ; one almost as large, weighing 428| carats, was

obtained from the De Beer's mine, while in 1892 the Kimberley mine yielded a diamond of

474 carats, from which was cut a brilliant weighing 200 carats. " The Julius Pam, 11

a stone

of 241 \ carats, which gave a brilliant of 120 carats, came from the Jagersfontein mine. A
few large stones have also been contributed by the river diggings, the largest being the

" Stewart
11

of 288| carats, which was cut as a brilliant weighing 120 carats.

Although the diamond-fields of South Africa are unique as concerns the number and

size of the stones found there, the same can by no means be said of the quality of diamonds

from this region. Not only are the stones frequently so dark and unpleasing in colour

that they can only be applied as bort for technical purposes, but they are also very often

disfigured by " clouds
11 and cracks, the so-called " feathers.

11

Moreover, these cracks,

especially in stones from the Du Toifs Pan mine and from the diggings on the Vaal

River, are often rendered still more conspicuous by being filled with films of limonite.

The presence of enclosures of foreign matter is also common; these are usually black

and resemble particles of coal, but are probably haematite or ilmenite. There are also

green enclosures of a pecular vermiform character, which, according to Cohen, are probably

some compound of copper, and red enclosures of unknown nature. It is stated by Streeter

that on an average only 20 per cent, of Cape stones are of the first water, 15 per cent,

of the second, and 30 per cent, of the third, the remaining 35 per cent, being bort.

According to Kunz, however, only 8 per cent, are of the first quality, 25 per cent, of the

second, and 20 per cent of the third quality, the remainder being bort.

Cape diamonds show a great range of colour. Perfectly colourless or pure white to

deep yellow, light to dark brown, green, blue, orange, and red specimens have all been

found. At the same time the stones may be transparent and clear or cloudy and

opaque.

Pure white, absolutely colourless stones are very rare, still the finest blue-white diamonds,

such as are found in India and Brazil, are not altogether absent. Only about 2 per cent, of
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the total number of stones found reach the standard of absolute perfection, among such the

most general form is that of a symmetrically developed octahedron. The" Porter Rhodes, ,,

found in the Kimberley mine on February 12, 1880, is one of the finest of Cape diamonds

;

it is said to weigh 150 or 160 carats, and is a stone of singular beauty. The largest

diamond known, that of 971 f carats, as well as those of 655 and 209| carats respectively,

all from the Jagersfontein mine, are also of this high quality. As a rule, large stones are

patchy and impure or coloured yellow, often a deep shade of yellow, which greatly diminishes

their value. The otherwise poor deposits of Jagersfontein and the river diggings are

remarkable for the purity and beauty of the stones found there, especially in the latter.

The majority of what are usually regarded as white Cape diamonds are in reality more
or less tinged with yellow ; this, though not apparent to an unpractised eye, is at once

remarked by an experienced diamond merchant. Stones of this tint are described as beino-

" Cape white," while others, in which the faint yellow tint is replaced by an equally faint

greenish tinge, rank as " first by-water." Although the yellowish and greenish tinge is so

slight, yet it manifestly exercises a considerable influence on the lustre and refractive power
of the stone. Such a stone scarcely attains to the fire and play of colour of a perfectly

colourless Indian or Brazilian stone ; moreover, even though cut in the best brilliant form,

it will appear dusky when compared with the latter and will therefore be less highly

prized.

Stones of a distinct, though pale, yellow colour are specially common ; they vary in

shade from a canary- or straw-yellow to a light coffee-brown. They form the majority of

those Cape stones which are suitable for cutting, and are naturally less prized than the Cape

whites or others already mentioned. As a rule, these stones, the different shades of which

are distinguished by the terms second by-water or off-coloured stones, pale yellow and dark

yellow, are less disfigured by faults'than are the colourless stones. The abundance of these

pale yellow stones is a feature peculiar to the South African diamond-fields ; nowhere else

are they found in such numbers. Before the discovery of these deposits, stones of this

colour were extremely rare and were sought after as much as are now the stones of a fine

red, blue, or green colour, which are still rare. Such diamonds are referred to as "fancy

stones,"" and are perhaps more rare at the Cape than at other localities ; a representative

of such " fancy stones " from the Cape is a rose-violet diamond of 16 carats. Diamonds

of these beautiful colours, even when found, are invariably small. Transparent stones

of a dark brown or black colour are very rare ; though the qualities most highly

prized in colourless diamonds are absent in such stones, yet, on account of their rarity and

their application in mourning jewellery, they command a high price. Very darkly coloured

or impure stones, as well as those which are cloudy and opaque, are unsuitable for cutting

and are used as bort.

Another unique feature of the Cape diamond-fields is the occurrence of the peculiar

" smoky stones,"
11

which have been already mentioned. These occur for the most part at

Kimberley and are scarcely known elsewhere ; they are distinguished by their very regular

octahedral form and by the possession of a peculiar smoky-grey colour, which is either

distributed uniformly or accumulated at the edges and corners of the stone, which, in the

latter case, is known as a " glassy stone with smoky corners.
r>

In these diamonds there is a

liability, as has been already mentioned, to fall to powder with no apparent external cause;

this is certain to happen sooner or later when such a stone is once taken out of the ground,

and many and various are the devices adopted by the unfortunate possessor to postpone the

catastrophe, at any rate, until he has prevailed on some inexperienced buyer to take the

stone. Thus, immediately after it is taken from the rock, the finder will perhaps place it
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in his mouth, or smear it with grease ; and when it must be sent on a journey it will often

be placed inside a potato, this being considered the safest method of packing such stones,

probably because they are thereby protected from contact with other diamonds or hard

objects, the slightest scratch being sufficient to bring about the bursting of the stone. The
singular behaviour of these stones is due to the existence of intense internal strains in their

substance ; the same phenomenon being also the cause, as we have seen, of the strong

anomalous double refraction possessed by some diamonds.

The collective characters of the stones found in each mine and in each part of a mine

are distinctive, but single stones of every quality occur in all mines. Thus, though it

may be impossible to state the particular mine in which a single stone was found, yet

an experienced Kimberley diamond merchant would have no difficulty in naming the

mine, or portion of a mine, from which a parcel of stones had come, provided that the

parcel formed a fair sample of the yield of that particular deposit.

The stones found in the rich Kimberley mine are usually poor in quality; and

broken fragments, the latter invariably uncoloured but containing many black enclosures, are

present in great abundance. A large percentage of the material yielded by this mine,

especially from the north side, is unsuitable for cutting and only applicable as bort, 90 per

cent, of South African bort being furnished by this mine. Broken fragments are confined

to a certain extent to the middle and south side of the deposit ; while the north-east

corner and the west side of the mine have yielded brown octahedra and " smoky stones
"

in great abundance ; yellow diamonds, so numerous everywhere else, are here almost

wholly absent. The stones found in the east and south-east portions of the deposit

closely resemble those from Du Toit's Pan mine.

From the De Beer's mine are obtained crystals of every kind and colour, the surface

of which is almost invariably finely granular, glimmering, and somewhat greasy, surface

characters which are met with in crystals from no other deposit. Bort is rare, but broken

fragments containing black specks are abundant. Large yellow rhombic dodecahedra are

very frequent, the De Beer's stones being, on the whole, remarkable for their large size,

while stones from the Kimberley mine are conspicuous for their whiteness.

The diamonds found in the Du Toifs Pan mine are usually well crystallised and of

considerable size, yellow octahedra being often specially large. Bort, very small stones and
" smoky stones,

11

are practically absent, and crystals disfigured by black specks are seldom

met with. The colour of stones from this mine is often rather dark, but the proportion of

Cape white and yellow stones found is greater than elsewhere in this region. On the whole,

the diamonds yielded by this mine are more beautiful than those of any other deposit in

the neighbourhood of Kimberley.

The Bultfontein mine yields principally small white octahedra, much modified on

their edges and usually full of faults and spots. Large stones, broken fragments, bort, and

deeply coloured stones are here practically absent.

The average value of stones from the different mines of course varies in correspondence

with the variations in quality we have just been noticing. In the first column of the

following table, compiled from the estimates given by Moulle, will be found the average price

per carat of rough stones from the different mines during the period between September 1,

1882, and the end of March 1884. The corresponding prices for 1887, given in the

second column, are somewhat lower, but the proportion existing between them is about the

same and has indeed remained practically unaltered up to the present day.



1882-4. 1887.

s. d. s. d.

54 11 46 7

28 1 24 3

21 17 11

20 11 17 5

19 2 17 2
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Riverstones 54 11 46 7 per carat
Du Toit's Pan mine

Bultfontein mine ....
De Beer's mine . . .

Kimberley mine ....
These four mines yield, on an average, respectively, 0*77, 1*05, 315, and 4*55 carats of

diamonds per cubic metre of " blue ground,'
1

so that the stones found in mines of which the

yield is poor, surpass in quality those found in richer mines.

In the Jagersfontein mine, as has been already mentioned, are found the whitest,

largest, and most transparent of Cape diamonds, some of which approach, or even equal,

the beautiful blue- white Brazilian and Indian stones which are so highly prized. The
abundance of white stones in this mine is sometimes thought to be connected with the

complete absence of iron-pyrites, which is found everywhere else and has been supposed

to be the cause of the yellow colour of Cape diamonds. The beauty of these white stones

is unfortunately, however, often impaired by the presence of spots and blemishes of

various kinds ; moreover, in addition to regularly and symmetrically developed crystals,

irregular intergrowths are not infrequently met with, so that a considerable proportion of

stones from this mine are unsuitable for cutting and have to be discarded. The stones

found here which are free from faults are of singular beauty ; they are comparable to the

diamonds of Bagagem in Brazil and command the very highest price.

It has not hitherto been mentioned that the Kimberley and De Beers diamonds are

supposed to be less hard than stones from Du Toifs Pan and Jagersfontein mines and from

the river diggings.

The whole of the South African diamond trade centres round Kimberley. The

stones usually change hands in large lots and are often placed on the market directly

they come from the washing machinery. In other cases they are first sorted into parcels

containing various qualities; this process offers great scope to the skill and discretion

of the diamond merchant, for the amount obtained for a lot of stones depends largely on

the arrangement of the stones of different size, quality, colour, &c, into parcels.

Various trade names for different kinds and qualities of diamonds have been evolved

side by side with the development of the traffic in these stones. Only about four such

terms were originally in use; a much greater number are at present in existence, and the

significance of some of the most important will now be given below.

Crystals or Glassies are white, or nearly white, perfect octahedra.

Round stones are crystals with curved faces; these are sub-divided according to colour

into Cape white, first by-water, and second by-water.

Yellow clean stones is a term which includes all yellow stones, these being grouped

according to their shade of colour into off-coloured (the lightest shade), light yellow, yellow,

and dark yellow.

MeU is a term applied to crystals varying from white to yellow (by-water) and often

also to brown, weighing on an average not more than 1| to If carats. The term " small

mele " is applied to similar stones as small as ^ carat. All stones characterised by this

term are round or glassies, never broken fragments.

Cleavage is the term applied to crystals containing spots, to twinned crystals, aud to

others which need to be cleaved before they can be cut ; thus the term " black cleavage " is

applied to stones which, in the rough condition, appear much speckled, but which, after



214 SYSTEMATIC DESCRIPTION OF PRECIOUS STONES

cleaving, give fine stones. Large blackish diamonds are referred to as " speculative

stones""; their value depends on their size and on the probability of obtaining good

cleavage fragments from them. For stones of this sort (cleavage) weighing less than

| carat the trade name is Chips.

A collection containing black cleavage, stones of a brown or poor yellow colour and

bort, forms a " parcel inferior," the contents of which are unsuitable for cutting and are

pulverised for grinding powder or applied to other technical purposes.

The London jeweller, Mr. Edwin W. Streeter, in his book " Precious Stones and

Gems," gives the following list of trade names for the various kinds of rough Cape

diamonds ; this differs somewhat from that given above, but will be easily comprehended by

the reader of the foregoing pages :

White Clear Crystals

Bright Black Cleavage

Cape White

Light Bywater

Light White Cleavage

Picked Mele

Common and Ordinary Mele

Bultfontein Mele

Large White Chips

Small White Chips

Mackel or Made (flat, for roses).

Bright Brown
Deep Brown
Bort

Yellows

Large Yellows and Large Bywaters

Fine Quality River Stones

Jagersfontein Stones

Splints

Emden
Fine Fancy Stones

These different sorts of stones naturally differ widely in value ; moreover, prices which

were current before the discovery of the Cape diamond-fields have been somewhat

modified in consequence of the enormous increase in the production due to this discovery.

Thus, stones which were rare elsewhere, but abundant at the Cape, have fallen in value,

while those which are rare also at the Cape have retained their former value.

In this way the price of perfectly colourless stones of the first water has not fallen in

consequence of the discovery of the Cape diamond-fields, but is as high as ever it was. The
price of yellow or yellowish stones of 10 to 150 carats in weight is, on the contrary, much
lower. To such stones Tavern ier's old rule, accordino; to which the value varied with the

square of the weight, is inapplicable, the price of such stones now varies directly with the

weight; sometimes, however, it is in a still lower proportion, so that when the weight of a

stone is doubled the price is not always necessarily doubled.

Naturally some considerable time must elapse before prices adjust themselves to new

and unknown conditions. Thus, for the first large stones found at the Cape a price in

consonance with Tavernier's rule was demanded ; such prices were seen to be too high and

were soon regulated to accord with the changed conditions. As early as 1876 rough Cape

white stones of good quality, and up to 6 carats in weight, had fallen in value from 30 to

50 per cent., the largest and smallest stones having suffered the greatest depreciation. It

should be borne in mind, however, that these Cape whites were not quite equal in quality to

the white Brazilian stones. The discovery of the Cape diamond-fields caused a still greater

depreciation in the value of bort, the price of this material having in 1873 fallen 85 per

cent. ; in 1876, however, the depreciation in the price of bort was only 70 per cent., and it

continued to rise in value owing to its increasing application for technical purposes.

The price of diamonds at the Cape, as elsewhere, depends not only on the quality of

the stones but also on the conditions of supply and demand, and varies from day to day.

According to the statements of E. Cohen, the price of bort varied from 1875 to 1880 between

Is. 9d. and 5s. 8d. per carat ; for Cape whites, of 2 to 6 carats in weight, between £3 15s. and

£1 10s. per carat, and for fragments of 1 to 2 carats, between 8s. and 24s. per carat.
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According to the estimate of Anton Petersen, as quoted by E. Cohen, the following

prices for rough stones were in 1882 paid at the mines

:

£ s. £ s.

per carat.

£ s. £ s.

First water (highest quality) 4 carat stones 15 to 18

Best Cape white.... • 1 ,, h 1 10 to 1 15

n u .... • 6 „ •i
4 to 5

Light yellow (off-coloured) • 1 „ >> 15 to 1

)i 11 11
. 6 „ n 2 to 2 10

51 11 11
20-40 „ jj

2 5 to 3

11 >1 » . 100 „ ii 3 15 to 6

Bort 6 to 8

These prices which are exceptionally low, were current only on the Cape diamond-fields and

not in the European markets, one market being perhaps influenced by circumstances which

do not affect the other.

The prices per carat, stated by Boutan to have been current in Kimberley on July 31,

1883, are tabulated below

:

Varieties. Weight of stones in carats. Price per carat.

Crystals or Glassies
' '

1 average

2

55s.

75s. to 80s.
ii ii

ii ii

- Cape White or White ii

3 „ 95s. to 100s.

ii ii < w
4 „ 120s.

ii ii
5 to 8 and more According to size

Cape White Round Stones . lto2 „ „ 40s. to 45s.

ji »i
.3 to 4 „ 47s. 6d. to 52s. 6d.

ii )» •
5 to 8 „ „ 55s. to 60s.

First By-water Round Stones 1 to 2 „ „

3 to 4 „ „

5 to 8 „ „

10 per cent, less than
)) »1 11

»J II 11

1 the Cape White

Second By-water Round Stones lto2 „ „

3 to 4 „

5 to 8 „ „

|
5 per cent, less than the

ii n ii

ii n ii

j
First By-water

Yellow Clean Stones 1 to 3 ,, „ 23s. 6d. to 28s. 6d.

4 to 10 „ „ 30s. to 40s.

11 11 ' *
up to 40 42s. 6d. to 47s. 6d.

Dark Yellow Clean Stones 1 to 3 and more

4 to 10 „ „

22s. 6d. to 27s. 6d.

28s. Gd. to 37s. 6d.

i
up to 40 40s. to 45s.

Mele ... i average 27s. 6d.

j» h ,i

X

31s. 6d.

35s.
>> •

!l •

•2, "
:<

4 »1

1 11

40s.

46s.

Cleavage 2.
4 11

1 „

2 ,,

14s. 6d.

17s. 6d.

24s.
ii

3 „ 28s. 6d.
ii

4 to 5 ,,
32s. 6d.

ii
Large Stones 32s. 6d.

Good White Square Chips £ average 12s. 6d.

11 11 4 "
8s. 6d.

Small White Square Chips 6s. Od.

Common White Square Chips — 5s. 6d.

Common Cleavage and Chips — 5s. Od.

Bore 4s. 6d.
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Boutan also remarks on the lowness of these prices which were consequent on a

commercial crisis ; they reached their lowest level in 1885, having fallen 20 per cent., and

after this date began to rise again. In the following table is given the average value per

carat, calculated from the weight and value of the total export during the years 1883

to 1891:
s. d

1883 . 23 7

1884 . 22 9

1885 . 19 3

1886 . 21 1

1887 . 21 8

1888

1889

1890

1891

s. d.

19 11

29 4

30 7

25 2

It should be remarked here that during the period in which the Cape deposits have been

worked, the average quality of the diamonds has remained practically the same, so that the

above numbers represent approximately the mean market value for each year.

It will be readily understood that with objects like diamonds, so costly and, yet at the

same time, so easily hidden, there are possibilities for very considerable illicit trade.

Those engaged in the mining, washing, and sorting of diamonds, especially the Kaffirs,

constantly find opportunities for secreting stones, in spite of the strict supervision to which

they are subjected. Although the mining employees each time they leave work have to

undergo a rigorous personal search, yet diamonds are continually being smuggled through

and placed on the market by illicit diamond buyers (I.D.B.). It is estimated that 30 per

cent, of the total output is thus diverted into illegitimate channels.

The strictest of laws and regulations have from time to time been devised and rigidly

enforced with the object of suppressing theft of, and illicit trade in, diamonds. Thus a

man convicted of diamond stealing or illicit diamond buying was sentenced to several years

of penal servitude ; under no circumstances were natives allowed to sell stones, and white

men were obliged to procure a written licence before engaging in the trade of buying and

selling diamonds, and to submit for the inspection of the authorities a properly kept

register of all transactions. The difficulty of obtaining witnesses, and therefore of convicting

a person of an illicit transaction, made the enforcement of these and similar regulations

somewhat of a dead letter ; moreover, the profit attending an illicit transaction successfully

carried out was so large that the risk of conviction failed to act as a deterrent. Since

March 1, 1883, still more stringent regulations have been in force; a person suspected of,

and charged with, the illicit possession of diamonds, must defend himself against the charge

by furnishing a satisfactory explanation of the circumstances leading to his arrest. Moreover,

search-warrants are now granted in the case of white men as well as of natives.

These regulations are in force not only in the diamond-fields but in the whole of Cape

Colony, and they were also adopted in the Orange Free State. The illicit trade has,

therefore, been checked, but not altogether stamped out. The cunning and ingenuity

shown by Kaffirs in concealing and disposing of stolen stones is unexampled. As an

illustration we may quote the case of a native who, in 1888, was suspected of being in the

unlawful possession of diamonds. On the approach of his pursuers he shot one of his oxen

with a rifle loaded with the stolen stones, and after the police had made an unsuccessful

search he extracted the diamonds from the dead body of the ox. In the same year another

native, who died in a mysterious manner, was discovered to have swallowed a 60 carat

diamond, which proved itself too much for the constitution even of a Kaffir.

The comparatively recent introduction of the compound system has resulted in making

the robbery of diamonds by natives almost an impossibility. The native workers in the
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De Beer's and Kimberley mines, among whom representatives of almost every South African

tribe are to be found, live in what is known as a compound, and are debarred from all

intercourse with the outside world. This compound is a rigidly guarded enclosure, several

acres in extent, in which all the necessaries of life can be purchased as well as other objects

specially attractive to the native taste. Water, wood, and medical attendance are supplied

to the workers gratuitously, and no effort is spared to make their enforced stay as little

irksome as possible. On entering the employment of the company the native contracts to

stay for at least three months, during which time he sees no one but the officers of the

company ; at the end of this time he may renew his contract or terminate the engagement.

Before leaving the compound, however, an exhaustive search of his person and belongings is

made, and he has further to submit to the administering of a strong purgative. In spite of

the restrictions by which life in the compound is hedged in, and the absolute prohibition

laid on the sale of intoxicating liquors, the workers are by no means averse to the system,

and often renew their contracts again and again. It has been found, moreover, that the

system reduces the possibility of fraud to a minimum.

4. BORNEO.

The information concerning the diamond-fields of Borneo given below is derived, for

the greater part, from the investigations of R. D. M. Verbeek, the director of the

Fig. 42. Diamond-fields of the Island of Borneo. (Scale, 1 :
15,000,000.)
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Geological Survey of the Dutch East Indies, as set forth in E. Boutans book " Le Diamant 11

(Paris, 1886).

The diamond-fields of Borneo fall into two well-defined groups, one in the west of the

island, in the district of the River Kapuas, the mouth of which lies a little below the town

of Pontianak, the other in the south-east of the island, not far from the town Bandjarmassin,

and nearly opposite the island of Laut (Fig. 42). The three portions into which the

western group may be divided are situated on as many different rivers, one being on the

river Kapuas, a little below its confluence with the Sikajam, and the other two respectively

on the rivers Landak and Sikajam, both tributaries of the Kapuas. The Landak deposits

seem to have been known since the time the Malays settled in the island, and were

mentioned by the Dutch mariners who first visited the coast ; indeed, from the beginning

the Dutch regarded the trade in diamonds in Borneo as their special monopoly.

In the west of the island diamonds occur in beds of alluvium, in masses of debris at the

foot of mountains, and in the beds of streams and rivers flowing through diamantiferous

districts. The alluvial deposits consist of gravel, sand, and more or less ferruginous clay,

more rarely of conglomerate and sandstone. They are distinctly bedded, and vary in

thickness from 2 to 12 metres, the diamonds being confined to the lowest bed, which

consists of gravel.

These ancient gravels, which themselves show little or no signs of bedding, contain

diamonds throughout their whole mass and are formed of more or less rounded rock-fragments.

They are essentially river deposits, and occur in isolated patches of small area at the foot

of the mountains or in the valleys, but always above the existing high-water level. The

rock-fragments of which these gravels are composed differ widely in kind ; white, yellow, or

rose quartz predominates, but there are also present hard and compact grey and black

quartzites, quartz-schists, clay-slates, quartz-sandstones, hornstones, hornblende, blue and

violet corundum, and, in sparing amount, fragments of igneous rocks, so decomposed,

however, that it is difficult to determine their original nature. In addition to these there

are also to be seen scales of white mica, grains of magnetite, a few particles of cinnabar, and

usually a little gold.

It is from these gravels that the diamonds now found in the beds of streams and rivers

have been washed out. Both sedimentary and igneous rocks are found in situ in the

neighbourhood ; among the former are clay-slates and quartz-schists with quartzites of

Devonian age, conglomerates and clayey sandstones of much later date, probably belonging

to the lowest Tertiary, that is, to the Eocene age. The igneous rocks include granite,

diabase, gabbro, andesite, and melaphyre.

Diamonds are only found in places where the beds of Eocene conglomerate and clayey

sandstone crop out at the surface, and it has been thought by C. van Schelle, a mining

engineer in Borneo, that it is from these beds that the diamond has been derived. In any

case the Devonian beds need not be considered, for no diamond has ever been found in

alluvial debris derived from, or resting on, Devonian strata, in spite of the fact that such

material has been carefully worked over for the gold it contains. The original mother-

rock and the mode of origin of the diamond are therefore here as much a mystery as

elsewhere, for no single crystal has ever been found in anything but what is obviously a

secondary situation.

The working of the diamond-fields is in the hands of Chinese and Malays ; the former

work the deposits lying above high-water level, while the latter apply themselves to the

alluvium in the present-day water-courses, extracting the diamantiferous gravel by excavating

small deep pits reaching down to the solid rock, and washing the gravel in baskets. The
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methods in use in both cases are very primitive and inadequate, and no thorough investigation

of the deposit has yet been made. An improvement in the system might probably be easily

made if the diamond-seekers, who are for obvious reasons very uncommunicative, could be

persuaded to volunteer the necessary information.

The diamonds of Borneo are, on the average, of poor quality ; the proportion of faulty

and unpleasingly coloured stones being sometimes stated to be greater here than in Brazil.

The diamonds are almost invariably either more or less water-worn or fragmentary and

irregular. The predominating crystalline forms are the octahedron and the rhombic

dodecahedron ; regular octahedra, which are not infrequent, are known to the Malays as

" perfect stones,
1

"
1

since according to their ideas such stones require little or no cutting.

Cubes are rare, but twinned crystals very frequent.

Borneo diamonds exhibit a fair range of colour ; the majority though colourless are

disfigured by faults or blemishes of some kind or another. A few of the highly prized

" blue-white " stones are found, and are of such singular beauty that their equal is

nowhere to be found. After the colourless stones, those with a faint blue or yellow

tinge are most abundant ; more or less darkly coloured stones (bort), as well as those of a

grey colour (carbonado), are fairly common. Stones in which a grey or black kernel is

enclosed in a colourless and well-crystallised shell are sometimes met with ; such a stone is

known to the Malays as "soul of the diamond," and is considered to augur a poor deposit.

Although the stone itself is regarded as a talisman, and worn round the neck in the belief

that it will bring luck to its owner, yet at the spot at which it was found work is immediately

abandoned and a fresh place chosen. On the other hand, the presence of the blue corundum

is considered to be a good sign by the diamond seekers. Diamond crystals of a deep, black

colour, quite distinct from carbonado, are occasionally found ; when cut. such stones, though

giving no play of prismatic colour,, display a magnificent lustre, and are in great request for

use in mourning jewellery.

With regard to the size of stones from this locality, it may be asserted that 95 per

cent, of the whole output is constituted by stones which weigh less than 1 carat. Next

in abundance come stones between 1 and 5 carats in size, while those exceeding this size

are very rare. Several diamonds of large size were found in the district belonging to the

Malay Prince of Landak, and are now in his possession ; owing to their massive silver

setting they cannot be weighed, but several have been estimated by C. van Schelle at over

100 carats. In the possession of the Rajah of Mattan is a supposed diamond the size of a

pigeon's eg^ and weighing 367 carats ; this stone, which is probably only rock-crystal, will

be again mentioned in the section devoted to large diamonds. The same prince is m
possession also of two large and undoubtedly genuine stones, the " Segima " of 70 carats

and another of 54 carats, both said to have been found in the island.

While in 1880 the mines on the Sikajam river were worked by about forty Chinese

only, those in Landak gave employment to about 350 workers. The alluvial deposits on

the Kapuas river are no longer systematically worked ; single pits may be sunk here and

there, but the production is quite insignificant.

The diamond-bearing deposits in the south of the island, namely, in the districts of

Tanah-Laut, Martapura, and Riam are of recent formation, and overlie Eocene strata in

the same way as those described above. These Tertiary strata, which in places include thm

beds of coal, rest on ancient crystalline rocks, such as mica-schist, chlorite-schist, talc-schist,

and hornblende-schist, and like these are inclined and faulted. Interbedded with the

Tertiary strata, and specially towards their base, are sheets of recent eruptive rocks

(andesites). The diamond-bearing deposits form a broad band round the seaward slopes of
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the Tertiary hills, while the gold-sands of the region, which contain no diamonds, rest on

ancient schists. The actual diamantiferous stratum is constituted of more or less rounded

pebbles of various minerals and of sand, either loose or bound together by clay. The

mineral most abundantly present is quartz of various colours, after which come fragments of

andesite and micaceous sandstone. A blue mineral, formerly thought to be quartz but

which has now been proved to be corundum (sapphire), though of no value as a gem has

yet a certain importance as an indication of the nature of the deposit. It occurs in the

same manner as at Landak, and its presence is regarded by miners as indicating the

existence of diamonds in the deposit ; it is only after they are satisfied as to the presence of

the blue mineral that they apply themselves to an exhaustive search for diamonds.

As a rule, the diamonds are found lying singly and loose in the gravel ; sometimes,

however, they are cemented by limonite to a pebble or rock-fragment. They are often

accompanied by scales of gold and platinum and by grains of chromite and magnetite.

The thickness of the diamond-bearing bed varies between 20 centimetres and 2 metres,

beds of the greater thickness being usually found filling up depressions in the surface of the

ground. The bed rests on a blue clay and is overlain by 1 to 6 metres of gravel and sand,

and sometimes, as in the neighbourhood of Bentok, by a layer of nodules of limonite. This

diamond-bearing stratum is found mainly in the neighbourhood of rivers and in surface

depressions, which in the rainy season become filled with water.

The mining methods adopted here by the Malays appeared to be the same as those

practised at Landak ; the workings were mainly in the neighbourhood of the village of

Tjampaka, in the district of Martapura, where in the year 1868 stones to the value of

<£1250 had been found ; also near Banju-Irang, Bentok, and Liang Angang, all in the

district of Tanah-Laut. Thousands of small mines are still to be seen in these districts

;

the majority of them, however, are now abandoned, for since the great fall in the price of

diamonds in 1878, the miners can easily obtain more lucrative employment in the gold

mines, tea plantations, &c. A Franco-Dutch Company in 1882 obtained the concession of

a stretch of country of 2000 hectares, that is about eight square miles in area, for a period of

twenty-five years, with the purpose of diamond mining. On this area, which lies between

Tjampaka and Banju-Irang, machinery was set up, but in the very next year, 1883, the

work was abandoned, and up to the present has not been recommenced. From the above

accounts it is clear that the production of the whole southern group is quite insignificant.

Diamonds are also found in the Kusan district, which lies between the rivers Danau
and Wauwan in the State of Pegattan, this latter being a Dutch dependency in East

Borneo. The stones are of good qualitv, but here also the yield is poor.

It is impossible to arrive at anything more than an approximate estimate of the

production of diamonds in Borneo. From an early date the Malay princes assumed the

right of appropriating at a fixed price all stones exceeding 5 carats in weight found in

their own dominions. Thus these stones never leave the country, and no record of their

occurrence is kept. In the table given below will be found a few returns published by the

Dutch Government in carats and Dutch florins (one florin = Is. 8d.) of diamonds imported

into Java.

Year. Carats. Value (in flc

1836 5473 110,601

1837 5245 97,140

1838 5947 117,750

1839 3884 92,552

1840 1891 62,410

1841 2122 56,520

1842 3980 80,875

Year. Carats. Value (in florins).

1843 1315 33,900

1844 — 46,450

1845 — 68,825

1846 — 128,450

1847 — 96,210

1848 — 67,200
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It will be seen from the above table that the practice of recording the weight in carats

of the imported diamonds ceased in 1844 ; moreover, the Customs Register, from which the

above table has been compiled, was discontinued after 1848, so that there is no record of

succeeding years. The number of stones imported into Java in each year, as set forth in

the above table, represents very approximately the yearly production of Borneo, for it was

at this period that the old Dutch East India Company was in its most flourishing condition,

and the general prosperity created a demand for diamonds which drew almost the whole of

the production of Borneo to Batavia ; but all this ceased with the abolition of the company.

In 1823 and 1831 the Dutch, seeing the demand for diamonds which existed in European

markets, sought, unsuccessfully however, to increase the production by organising systematic

working of the deposits.

A few estimates of the production of recent times have been made by the merchants

at Ngabang, the capital of Landak ; they are as follows

:

Year. Carats.

1876 4062

1877 5271

1878 6359

Year. Carats.

1879 6673

1880 3013

In the previous century the yield appears to have been much richer ; while the deposits

have been gradually exhausted, no new ones comparable in richness to the old have been

discovered, and the abundance and comparative cheapness of Cape stones has rendered

impracticable the exploitation of the poorer deposits. It is stated that in 1738 diamonds

to the value of eight to twelve million Dutch florins were mined in Borneo, and even as late

as the beginning of last century the value of the annual yield is said to have been as much

as a million florins. The estimated annual yield in more recent times has been already

given ; at the present day it is supposed to be about 5000 carats.

The majority of the stones are roughly cut by the Malays in the island at Ngabang

and Pontianak ; there are diamond-cutting works also at Martapura, and the natives have

been acquainted with the art of gem-cutting for centuries. At the present time scarcely

any diamonds are exported, and it has even become customary to import Cape diamonds.

The stones which are yielded by the country circulate almost exclusively in Oriental

countries, very few finding their way to Europe.

5. AUSTRALIA.

In the year 1851 diamonds were discovered in one or two of the Australian goldfields,

and later on in a few of the stanniferous gravels of the same continent. They are present

in not altogether insignificant numbers, and up to the year 1890 a total of 50,000 diamonds

had been found. New South Wales has up to the present time furnished the greater part

of the yield, but a few stones have been found in Victoria and Queensland as well as in

South Australia and Western Australia.

Australian diamonds are decidedly small, the largest stone yet found, which came from

New South Wales, was an octahedron, and weighed 5§ carats ; an octahedral crystal from

South Australia weighed 5yV carats. The average weight of diamonds from New South

Wales, compared with which the yield from the other States is negligible, is only J carat

;

the great majority of stones vary in weight between £ and 1| carats. According to the

statements of diamond-cutters, Australian diamonds are harder than the majority of stones

from other parts of the world, and can only be cut with their own powder; they have a

peculiarly strong surface lustre, and in spite of their extra hardness are usually much water-

worn,
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In New South Wales there are two principal diamond districts (Fig. 43). One

is a stretch of country extending to the north-west of Sydney, as far as the Cudgegong

river, and to the west of Sydney, as far as the Lachlan river. The other diamond

Fig. 43. Diamond-fields of New South Wales. (Scale, 1 : 10,000,000.)

district is in the north-east corner of the State, in the district of the Gwydir river, a

tributary of the Darling ; it embraces the neighbourhood of Inverell and Bingera, and

extends to the east of these townships into New England. In these districts the diamond

occurs in sands together with gold and tin-stone (cassiterite), and with one possible exception

it has never been found in the solid rock ; it is therefore impossible to make any suggestion

as to the nature of the rock in which the diamond was formed.

In the southern diamond districts the diamond-bearing debris is mainly confined to

ancient water-courses of Pliocene (a subdivision of Tertiary) age. When the precious stone

is found in the beds of recent rivers and streams, it is always associated with material derived

from these older deposits, which has been redeposited by natural agencies or during the

process of gold-washing, &c. In this district the diamond is invariably accompanied by gold
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and it was in the gold-washings that the first discovery of diamonds was made. The
diamantiferous gravels and sands of these ancient river deposits, which are always

above, and often far above, the present water-courses, are very frequently overlain by
a sheet of compact basalt, which must be penetrated before the diamond and gold-

bearing stratum can be reached. Re-deposited masses of material, containing both gold

and diamonds, often lie on the basalt, having been washed down from the upper part of

the valleys.

The first discovery of diamonds in Australia was made in this State in 1851 ; the stones

were found in Reedy Creek, a tributary of the Macquarie river, sixteen miles from Bathurst

;

a few were found in the same district in 1852, in Calabash Creek. In 1859 a few stones,

having the form of triakis-octahedra, were found in the Macquarie river, near Suttor's Bar,

and at Burrandong ; in the same year a hexakis-octahedron, weighing 5J carats, was found

in Pyramul Creek. These places are all situated in the same district, and at none of them
were more than a few stones found.

In 1867, however, diamonds in greater number were met with near Warburton, or Two
Mile Flat, on the Cudgegong river, nineteen miles north-west of Mudgee ; and in 1869 the

systematic working of an area of about 500 acres in this district was commenced. The
working, which was not very profitable, was carried on at Rocky Ridge, Jordan's Hill, Horse

Shoe Bend, and Hissalt Hill, as well as at the places already mentioned. The ancient river-

deposits in which the diamonds are found lie under a capping of columnar basalt, and occur

at isolated spots along the course of the Cudgegong river, more or less distant from the

present river course, and at heights up to 40 feet above the present high-water level.

They rest on the eroded edges of perpendicular sedimentary strata, which are interbedded

with compact greenstones, and probably belong to the period of Upper Silurian deposits.

The diamond-bearing debris consists of coarse sand and mud intermingled with pebbles of

quartzite, sandstone, clay-slates, and quartz-slates, accompanied by waterworn grains and

crystals of quartz, jasper, agate, silicified wood (this in large amount), and other siliceous

minerals, also cassiterite (the " wood-tin
v

' variety), topaz, common corundum (sometimes of

a lavender-blue colour), sapphire, ruby, a peculiar variety of corundum called barklyite,

zircon, garnet, ruby-spinel, brookite, magnetite, ilmenite, tourmaline, magnesite, nodules of

limonite, grains of iridosmine, and, of special importance, gold. The quartz pebbles are

frequently encrusted with oxides of iron and manganese. The whole mass of diamantiferous

debris is in some places loose and incoherent, and in others bound together to form a solid

conglomerate, the cementing material being a green, white, or grey siliceous substance, or a

brown or black ferruginous or manganiferous substance. The deposit in places attains a

thickness of 70 feet ; the diamonds, which are of small size, are scattered through it so

sparingly and irregularly that the working of it cannot be profitably prolonged for any length

of time.

In spite of the poor character of the deposit, 2500 stones were found during the first

five months of work. All were small, the largest being the octahedron of 5| carats men-

tioned above, which, when cut, formed a beautiful colourless brilliant, weighing 3T
5
F carats.

The stones average in weight about J carat, and vary considerably in colour, passing from

perfectly water-clear through various shades of yellow, pale green, and brown to almost

black ; a twinned octahedron of a beautiful dark-green colour was once found. The

commonest crystalline forms are the octahedron, which occurs both as simple and twinned

crystals, the rhombic dodecahedron, triakis-octahedron, and hexakis-octahedron ; one crystal

with the form of a deltoid dodecahedron has been found. The crystals are, as a rule, much

water-worn ; when this is the case their surfaces are sometimes smooth and bright, at other
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times rough and dull. No spheres of bort, such as are found in Brazil and South Africa,

appear to occur in Australia.

Solitary specimens of diamond have been found at many other places in this district.

At Bald Hill, near Hill End, on the Turon river, a stone of 5^ carats was found, and a

number of diamonds, which though of small size were of excellent quality, were met with in

the old gold-mines of Mittagong. Again, near Bathurst, a black diamond, the size of a

pea, and having the form of an almost spherical hexakis-octahedron, was found. Diamonds

have also been collected from the gravels underlying the basalt at Monkey Hill and Sally's

Flat, in Co. Wellington, just as they occur at Mudgee. Uralla, Oberon, and Turnkey are

other localities at which more than solitary specimens of diamonds have been found.

The occurrences mentioned above were all in ancient river gravels ; among existing

water-courses in which diamonds have been found may be mentioned the Abercrombie,

Cudgegong, Macquarie, Brook's Creek, Shoalhaven, and Lachlan rivers. The stones found

in existing streams are much worn, and many are broken ; from this, and also from the fact

that the minerals forming the gravels of these water-courses are identical with those of the

ancient river deposits found underlying the basalt, we may conclude that the gravel of the

present rivers is redeposited material derived from the ancient river-beds.

The mode of occurrence of the diamond in the north of New South Wales, especially in

the district of the Gwydir river, in the neighbourhood of Bingera and Inverell, is of some

importance. As pointed out by Professor A. Liversidge, diamonds are found in the valley

of the Horton or Big river, seven or eight miles from Bingera, under just the same conditions

as at Mudgee. The diamond-bearing deposit is 2 to 3 feet thick, and occurs in isolated

patches, the material which originally lay between having been denuded away. These

patches of diamantiferous material are scattered over an area measuring four by three miles,

in a valley which is opened towards the north, but enclosed otherwise by the Drummond
Range. The deposit consists of sandy and clayey material, and has probably been deposited

in former times by the Horton river. The rocks of the locality are clay-slates of Devonian

or Carboniferous age, and the sheet of basalt which occurs in the neighbourhood appears

to overlie deposits similar to those now being considered. Here also the diamantiferous

material is in places cemented together to form a solid conglomerate ; it includes boulders

and fragments of the underlying clay-slates, and, when clayey, contains crystals of gypsum.

The associated minerals are practically the same as at Mudgee, barklyite is, however, here

absent. Black tourmaline is regarded as a specially characteristic associate of the diamond,

and its appearance is hailed with joy by the miners.

Diamonds occur here rather more plentifully; they are colourless or straw-yellow

and small, the largest weighing only 2§ carats. On an average only twenty stones

are found in each ton of material, and a stock of 1680 stones weighed no more than about

140 carats.

More recently diamonds have been discovered in the tin -gravels of the neighbourhood

of Inverell, and their occurrence here appears to be sufficiently abundant to justify systematic

working. Cassiterite (tin-stone), rock-crystal, sapphire, topaz, tourmaline, monazite, &c,

are here associated with diamond; gold, however, is apparently absent. Several companies

have been formed, and many thousands of stones, averaging \ to | carat in weight, have

been obtained from the different mines ; the largest of these stones weighed 3f carats.

From the Borah tin-washings, situated at the junction of Cope's Creek with the Gwydir

river, 200 stones were obtained in a few months, the largest of which weighed almost 1|

carats ; while in the Bengonover tin-washings, only a few miles away, a stone weighing nearly

2 carats was found. Diamonds have also been found in most of the alluvial tin-workings
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on Cope's, Newstead, Vegetable, and Middle Creeks, in the Stanifer, Ruby, and Britannia

tin-washings, and elsewhere in the same district.

All the occurrences of diamond in New South Wales, described above, are in secondary

deposits of alluvial origin ; recently (1901), however, Mr. E. F. Pittman, the Government
Geologist of New South Wales, has described its occurrence in what may perhaps be the

mother-rock. At Ruby Hill on Bingera Creek, twelve miles to the south of Bingera,

diamond has been found in the breccia filling a volcanic pipe. This breccia consists of angular

fragments of clay-stone, felsite, basalt, eclogite, &c, with calcite, garnet, zircon, chrome-

diopside, and other minerals ; it bears a very striking resemblance to the diamantiferous

material which fills the Kimberley pipes, the principal difference being that it shows no sign

of serpentinisation.

Finally, we must mention the peculiar occurrence of diamond at Ballina, in New England,

where solitary specimens have been found in the sands of the sea-shore. The diamond-

bearing deposit is here exposed to the action of the waves of the sea, and the solitary

specimens found in the shore sands have probably been washed out of the deposit by the

waves.

The output of diamonds in New South Wales, as published in the official returns of the

Department of Mines, amounted in 1899 to 25,874 carats, valued at i?10,349 12s. ; in 1900,

owing to lack of water, and the reconstruction of the mining company, there was a smaller

output of 9828J carats, valued at £5662 Is. Although a fairly considerable number of

diamonds have been met with in New South Wales, yet the other Australian States are very

poor in this respect; it is probable, however, that there will be important finds in the

future.

In Queensland, conglomerates have been observed at Wallerawang and on the

Mary river, which are remarkably like the diamond-bearing deposits of Mudgee and

Bingera ; no diamonds have, however, as yet been discovered in them. At other places

in Queensland, namely, on the Palmer river and the Gilbert river, the precious stone has

been found.

In South Australia about 100 stones have been found in the alluvial gold-washings

of Echunga, twenty miles to the south-east of Adelaide ; it was here that the octahedron of

5T\ carats, previously mentioned, was found. In Victoria a few diamonds were met with

in 186'2 in the Owens and in the Arena goldfields ; a larger number of stones were found in

the Beechworth district of the same State, upwards of sixty crystals, none however exceeding

1 carat in weight, having been collected. Diamonds have also been stated to occur in the

neighbourhood of Melbourne, in association with ruby, sapphire, zircon, and topaz.

Finally, from Western Australia also, a certain number of diamonds have come,

small crystals rich in faces having been found near Freemantie, in a sand containing zircon,

ilmenite, rock-crystal, red, yellow, and white topaz, and apatite. More recently, in 1895, it

was reported that diamonds had been found in the north-west of the State, at Nullagine, in

the Pilbarra gold-field ; many leases have been taken up, but so far no important finds have

been made. From 230 tons of auriferous ore treated in 1900 only twenty-five small

diamonds were obtained.

Tasmania has recently been added to the list of diamond-producing countries.

According to newspaper reports, a large number of stones were found at the end of the year

1894 in Corinna, one of the richest goldfields of the island. The reported occurrence

caused a rush of thousands of diamond-seekers into Tasmania from the Australian

mainland ; many companies for the exploitation of the deposits sprung up, but apparently

with no marked results.
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6. NORTH AMERICA.

The occurrence of the diamond in the United States of North America is so sparing

that it has no effect whatever upon the diamond markets of the world. American stones

are, however, greatly prized in the States, both for patriotic reasons and also on account of

their scientific interest.

There are two principal diamond-producing regions, one in the extreme east and the

other in the extreme west of the country ; the former occupies the eastern slope of the

southern part of the Appalachians, while the latter lies at the western foot of the Sierra

Nevada and the Cascade Range. Though the two regions are so widely severed, yet in each

the stones occur under very similar conditions, being found in loose detrital materials, in

gravel and sand, and everywhere in association with the same minerals, namely, garnet,

zircon, magnetite, anatase, monazite, and specially with gold, in the search for which

diamonds are frequently found. This agreement in the mode of occurrence of the diamond

in the two regions, must be attributed to the fact that in both the detrital material has

been derived by the weathering and denudation of the crystalline silicate rocks of which the

surrounding mountains are built, and that these rocks are essentially identical in character

in both regions, although those of the east are older than those in the west.

A third diamantiferous district has been recently discovered, namely, the region of the

Great Lakes ; here the stones have been found in glacial deposits mainly in the State of

Wisconsin, but also in Michigan and Ohio.

According to Mr. George F. Kunz, the well-known American expert in precious stones,

a considerable number of diamonds have hitherto been found in the eastern region, in the

States of Georgia and North Carolina, very few in South Carolina, and still fewer in

Kentucky and the southern part of Virginia. From Virginia came the " Dewey " diamond,

the largest ever met with in the United States. It was found by a labourer in 1855 in an

excavation in the village of Manchester, and had the form of an octahedron with rounded

edges, weighing in the rough 23§ carats and when cut lly^ carats. This stone is not of the

purest water and its beauty is impaired by other flaws, so that it would not be actually

worth more than 300 to 400 dollars (about i?62 to ^83) ; in spite of this, however, it has

been sold for about ten times this amount. It was the only specimen found at this spot.

In North Carolina diamonds have been found, usually associated with gold, in the

district about the east foot of the Blue Ridge. The mountains of the district are built up

of crystalline schists ; itacolumite, the flexible sandstone which occupies so important a

position in the Brazilian deposits, is also found here, though at present no diamonds have

been discovered in it. The stones hitherto met with are for the most part octahedra ; the

largest yet found, weighing 4| carats, was discovered in 1886. A stone valued at 400

dollars is said to have been found in South Carolina ; in this State, as in North Carolina,

diamonds are found associated with gold and in the vicinity of itacolumite ; the largest, an

octahedron of 4^ carats, was found in 1887. About the year 1886 a single small stone was

found in a river sand in Kentucky.

During a search for gold in Wisconsin, at the end of the eighties, a few small diamonds

were found associated with grains of quartz, magnetite, ilmenite, and with grains and

crystals of the varieties of garnet known as almandine and hessonite (or perhaps spessartite).

A few large diamonds have been found in this State; thus in 1893 an almost colourless

stone, weighing 3y|- carats, and having the form of a rhombic dodecahedron, was found in

clay at the town of Oregon, Dane Countv. Previous to this, in 1876, a yellow diamond of

the same form and weighing 16 carats was found with several others near Eagle in Waukesha
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County ; this stone was not recognised as a diamond until 1883. It had been bought by
a Milwaukee clockmaker, who did not know what it was, for a dollar. A second still larger

stone, stated to have been found about the same time in the same district, was mislaid

before its real nature was known. In the year 1886 a pale yellow diamond, with the form

of an irregular rhombic dodecahedron, measuring 20 by 13 by 10 millimetres and weighing

21 \ carats, was found at Kohlsville in Washington County. Another stone of 6^-f carats,

found at Saukville in Ozaukee County in 1880, was not determined to be diamond until

1896. Altogether, since 1883, seventeen diamonds, varying in weight from \ to 21 \ carats,

have been found in glacial moraines in the region of the Great Lakes of North America,

principally in the State of Wisconsin, but also in Michigan and Ohio. The predominating

crystalline forms are the rhombic dodecahedron and a hexakis-octahedron ; the stones are

colourless, or tinted with green or yellow. By plotting the diamond localities and the

directions of the glacial striae on a map, Professor W. H. Hobbs has recently (1899) shown
that the diamond probably came from somewhere near James Bay on Hudson Bay ; a more
detailed study of the glacial geology of the region will, however, be needed before the home
of the diamond can be exactly located.

In the western region a certain number of diamonds have been met with in the States

of California and Oregon ; in the former the stones occur in gold-bearing detritus belonging

to two different periods of formation. Here, in Tertiary and even earlier times, the Sierra

Nevada and Cascade Range were drained by immense rivers, whose beds, which have been

traced for great distances, became filled with auriferous debris derived from these mountains.

Later on mighty volcanic eruptions took place, and the surface of northern California and of

Oregon was flooded with thick sheets of lava partly filling up the river valleys. The streams

and rivers of the present day, rising in the same mountain?, cut out for themselves new

courses in these volcanic rocks, and have deposited in their beds auriferous debris derived

from the same mountains, and therefore of the same nature as the debris laid down in the

ancient river-beds. It was from these latter masses of debris that the enormous amount of

gold yielded by the Californian gold fields in the early days of their discovery, namely, about

the year 1848, was mainly derived. These later gold-sands are now exhausted, and mining

is at the present day confined to the earlier deposits of Tertiary and Pre-Tertiary alluvium,

which are overlain by lavas and which contain diamonds as well as gold. The pebbles and

diamonds of this alluvium are often cemented together by limonite to form a solid

conglomerate, which is very similar in appearance to the " tapanhoacanga " of the Brazilian

diamond-fields.

The first find of diamonds took place in 1850 ; since then single stones, usually only of

small size, have been met with every year, the largest weighing 7J carats. The diamonds

actually present probably far exceed those actually found in number, for, during the process

of winning the precious metal, the solid, auriferous conglomerate is stamped to a fine

powder, and thus any diamonds present in it are also crushed and destroyed. As a matter

of fact, the presence of splinters of diamond in this crushed material has been frequently

observed. Moreover, it is possible that many stones have been lost on account of the

practice of ignorant miners, prevalent both here and in other countries, of testing the

genuineness of a supposed diamond by means of the hammer and anvil ; should such a stone

be genuine the test, owing to the brittleness and perfect cleavage of the diamond, results

in its complete fragmentation.

The possible occurrence of diamonds in those parts of North America, for example

Indiana, which are geologically very similar to other diamond-bearing districts, has often

been suggested. In many such places, however, the search has been unsuccessful, and stones
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reported to have been found in other places have in many cases been placed there with the

object of swindling a credulous public.

As an example of the almost incredible extent to which the public have been swindled

by false reports as to the occurrence of diamonds, an account of a supposed discovery in

the State of Arizona may be given. In the year 1870, a fabulously rich occurrence of

various precious stones, including the diamond, was reported to have been discovered

somewhere in the West. 80,000 carats of rubies and a single diamond weighing 108 carats,

said to form part of the find, were exhibited in a San Francisco bank. Shortly after this a

smaller lot of stones, said to be the result of a second search, were on view in this city, and

the attention of capitalists was soon enlisted. On May 10, 1872, a Bill in the interests of

the diamond-miners was passed by Congress, and an expedition for investigating the locality

was fitted out. Afcer some trouble the locality was found, and in the course of a week the

members of the expedition had collected 1000 carats of diamonds and 6000 to 7000 carats

of rubies, and returned well pleased with their success. Another expedition failed to find

the place, and an investigation by the officers of the United States Geological Survey proved

the supposed discovery to be a gigantic swindle, the locality having been " salted.
1

'' The

supposed rubies were in reality ordinary garnets, and although the smaller diamonds were

genuine the 108-carat stone was nothing but rock-crystal. It was ascertained that a

speculative American had imported a large number of rough Cape diamonds, and had

scattered them about the neighbourhood so plentifully that stray stones were found there

for some years afterwards. The initial outlay of the speculative American was amply

repaid by the three-quarters of a million dollars subscribed by Californian and other

capitalists.

Diamonds are sought for very diligently in America ; it is not unusual for gold miners

and labourers engaged in the work of excavation to wear rings set with small, rough diamonds

for the purpose of familiarising themselves with the appearance of this stone in its rough

condition. In spite, however, of the alertness of persons engaged in such occupations, only

a small number of stones continue to be found, though it is always possible that future

discoveries of importance may be made.

7. BRITISH GUIANA.

In recent years diamonds have been found in another part of South America, about

2000 miles north-west of the famous Brazilian localities, namely, in the gold-washings on

the upper course of the River Mazaruni in British Guiana. The discovery was made
accidentally in 1890 by Edward Gilkes, who, while prospecting for gold along the Putareng

creek, a tributary of the Mazaruni, found a few diamonds in the batea he was accustomed

to use for gold-washing. The locality is situated in latitude 6° 14' N. and longitude

60° 18' W., about 150 miles above the town of Bartica on the confluence of the Mazaruni

and Essequibo rivers. It is reached after a twelve to twenty days
1

journey, according to the

state of the river, which has many falls and rapids, from Georgetown. The exact spot is

situated about four miles from the Mazaruni, and is reached by a narrow trail across swampy
land and through tropical jungle, everything having to be carried on the heads of Indians.

The rocks of the Mazaruni valley are largely gneisses and granite traversed by dykes of

diabase and other similar rocks. The diamond-workings at present under consideration are

situated on the side of a hill, and penetrate (1) 18 inches of pure, white quartz-sand, (2) 18
inches of yellowish sandy clay, with fragments of quartz and portions of sand and gravel

cemented together by iron oxide, in which small diamonds are occasionally found, (3) 7 feet--
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the present limit of working—of clay, which becomes more and more gravelly and the

constituent fragments larger and more frequently cemented together with iron oxide, as

greater depths are reached. Some of the pebbles are much rounded, and have sand and
smaller pebbles attached to them by a felspathic cement, while others are sharp and angular.

Some consist of felsite and concretionary iron-stone, but most are of quartz. Associated

with these pebbles are grains of ilmenite and small rounded pebbles of black tourmaline and
pleonaste, and occasionally of topaz and corundum. When dug out, the gravel is carried in

wooden dishes to a little creek hard by, where it is washed in sieves of one-sixteenth inch

mesh, the residue being picked over while wet. The diamonds, originally found by Mr.
Gilkes in 1890, were obtained at the foot of the hill in the bottom of the valley. The
diamantiferous gravel here contains many crystals of quartz, and rests upon a bed-rock of

kaolin, differing in both these respects from that which lies on the hill-side.

Up to 1900 diamonds had been found only over an area of country measuring 200

yards in length by about 100 in breadth, but it is probable that the diamantiferous gravels

are much more widely distributed. The mode of occurrence of the diamond in these gravels

and the minerals with which it is associated are very much the same as in Brazil. The
diamond has not yet been found here in its mother-rock ; if this should at any time be

discovered, British Guiana may become an important diamond-producing country.

As yet there have been found only some few thousands of small diamonds, which have

the form of octahedra, and are exceptionally white and brilliant. The smallest are of very

small size and the largest about 1^ carats, but there are very few exceeding a carat in weight.

During the ten years between 1890 and 1900 between 2000 and 3000 diamonds were found,

while, according to custom-house returns, the total export of diamonds up to January 28,

1902, amounted to i?10,000. A parcel of 282 stones sent to London during the year 1900

was valued at £9* 8s. per carat. During a period of six weeks in the following year, a New
York company obtained 8227 small diamonds with an aggregate weight of 767 carats, which

were valued at XJ1920 or £2 10s. per carat. A dozen companies have since been organised

and are now at work, and fresh ground is constantly being opened up, so that the diamond-

mining industry of British Guiana is likely to develop rapidly.

We are indebted for the above account of the occurrence of diamonds on the upper

Mazaruni river to Mr. G. F. Kunz's Annual Reports on Precious Stones, in which is brought

together much information from various sources.

Another occurrence of diamond in British Guiana is reported by Professor J. B.

Harrison, the Government Geologist of that colony. This is in the gold-washing claims of

the Omai creek, this stream being a small tributary of the Essequibo river, which it joins at a

spot about 130 miles above the mouth of the latter. From a part of the bed of Gilt creek,

one of the tributaries of this stream, measuring about 500 feet in length and 50 in breadth,

some 60,000 ounces of gold and some hundreds of small diamonds have been recovered by

the somewhat crude methods hitherto in use. The auriferous gravels of this stream consist

of fragments of more or less decomposed diabase, pebbles of concretionary iron-stone and

angular quartz. They yielded at one time hundreds of very small diamonds, the majority

of which were perfectly clear and colourless octahedra, the remainder being of various shades

of pink, green, and clear yellow.

It is stated by Mr. G. F. Kunz that in Dutch Guiana also diamonds have been found

for years past in the tailings of the gold-washings. They have been for the most part small

and have attracted but little attention, the gold being the chief object sought for. One fine

stone, however, is reported to have been found about the year 1890 and to have been cut in

the United States.
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8. URAL MOUNTAINS.

The discovery of diamonds in the Urals resulted from the famous expedition made in

1829 to this region by Alexander von Humboldt, with Gustav Rose and Ehrenberg, at the

desire of Czar Nicholas. In 1823, in his Essai geognostique sur le gisement des roches,

Humboldt had expressed an opinion, based on the similarity between the Brazilian and

Uralian gold- and platinum -bearing deposits, that diamonds very probably existed in the

Uralian deposits just as they were known to do in Brazil. This conclusion, which was

supported by the fact that the minerals associated with gold and platinum in the Urals and

in Brazil were practically identical, had been previously and independently expressed by

Professor Moritz von Engelhard t of Dorpat, who later investigated and reported on the first

diamond occurrence in the Urals. Humboldt was so convinced of the truth of his opinion,

that on his departure he assured the Czarina that he would not again appear before her

Majesty unless he had some Russian diamonds to show.

Throughout their whole journey the explorers spared no pains in their search for the

precious stones ; every gold-bearing sand they met with was subjected to microscopical

examination in order to detect the presence of diamond ; their efforts, however, were not

crowned with the success they deserved.

Better fortune fell to the lot of Count Polier, who accompanied the expedition part of

the way and to whom Humboldt had communicated some of his own enthusiasm on the

subject. On leaving Humboldt's party, therefore, the Count set himself seriously to work in

the mining district of Bissersk (about latitude 58^° N.), in the gold-washings on the estates

of his wife, the Princess Shachovskoi. Here the first Uralian diamond, indeed the first

European diamond, was found on July 5, 1829. The exact locality was the small gold-washing

of Adolphskoi, near the larger washiug of Krestovosvidshenskoi, twenty-five versts (seventeen

miles) to the north-east of Bissersk, and four versts (about three miles) from the mountain

ridge on the western or European slope of the Urals. It is situated in a side stream of the

Paludenka, one of the head-streams of the Koiva, which flows into the Chussovaya, itself a

tributary of the Kama river.

The muddy-looking gold-sand of the Adolphskoi washings contains, besides diamonds

and gold, a few grains of platinum, also quartz, limonite, magnetite, much iron-pyrites

(either bright yellow and unaltered or altered on the surface to limonite), chalcedony,

anatase, &c, and fragments of the neighbouring rocks. All these minerals and rock-

fragments have been derived from the mountain rid^e which overhangs the stream, and

which is principally composed of a quartzose chloritic talc-schist, which has been suggested

to be identical with the Brazilian itacolumite, but which, according to the investigation of

G. Rose, in no way agrees with this. This chlorite-talc-schist contains subordinate beds of

haematite, grey limestone, and especially dolomite, coloured black by carbonaceous matter.

This dolomite immediately underlies the gold-sands of the Adolphskoi washings, and was

considered by von Engelhardt to be the original mother-rock of the diamond. Other

observers regard the chlorite-talc-schist as the mother-rock ; since diamonds have as yet

only been found loose in the sands and never embedded in rock, the point remains a

disputed one.

Only about 150 diamonds have hitherto been found in the Adolphskoi gold-washings,

so that the discovery of this locality has not in any way affected the diamond market. The
stones are colourless to yellowish, perfectly transparent and very brilliant ; a few crystals,

however, show dark brown or black enclosures ; their crystalline form is almost invariably

the rhombic dodecahedron, the faces of which are curved and nicked along the short
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diagonal (Fig. 81 c). The largest weighed 2£f carats, the five coming next in order of size

weighed respectively 1J, 1J, 1TV, 1¥\, and 1 carat, while the remainder were small, the

smallest weighing only £ carat; the twenty-eight stones first found had an aggregate
weight of 17^- carats. A recent discovery of five stones at this locality led to the institu-

tion of a systematic search, which, however, has been unattended with any marked
success.

The occurrence of diamonds in the Urals is not confined to the Adolphskoi washings, for

in 1831 two small diamonds, one weighing | carat, were found in the Medsher gold-washings,

fourteen versts (nine miles) east of Ekaterinburg. Again in 1838, a small stone weighing

TV carat was found in the Kushaisk mine, which lies in the sands of the Goroblagodatsk
mining district, twenty-five versts (seventeen miles) from the smelting furnaces of Kushvinsk
and east of Bissersk. In the next year a crystal weighing J carat was found in the Uspenskoi

mine in the sands of the district of Verchne-Uralsk in the government of Orenburg.

Solitary stones have been found also at other places, for example, recently in the Charitono-

Companeiski sands on the Serebrianaya river in the district of Kungur, government of

Perm ; among these was a twin-crystal showing several hexakis-tetrahedra in combination,

and having a thickness of 5 millimetres. Among these finds were a small colourless stone

from the Kamenka mine, in the Troitzk district, government of Orenburg, and also the first

diamond discovered in the southern Urals ; this latter is a perfectly transparent, yellow

hexakis-octahedron of f carat, and was found in 1893 in the gold-washings of Katshkar.

This latter discovery is of interest, for it shows that the diamond is more widely distributed

in the Urals than was formerly thought to be the case ; moreover, the minerals with which

it is associated in the southern Urals are the same as in Brazil, from which we may
conclude that the diamond originated in a similar manner in the two countries.

The occurrence of diamond« in the Urals is so rare and the stones themselves are so

small that there are persons who doubt the genuineness of the occurrence, and express the

opinion that the stones which have been met with found their way to this locality in order

to fulfil Humboldt's prophecy. No definite proof of fraud has, however, been brought

forward, and Russian mineralogists, who have closely studied the question, are satisfied that

the occurrence is genuine, their opinion being supported by recent discoveries of stones

having been made. A number of rough diamonds acquired from other countries, have been

distributed by the Russian Government among the managers of mines, in order that the

miners shall become familiar with the appearance of rough stones, and the possibility of

diamonds being overlooked avoided.

9. LAPLAND.

In a far western corner of the Russian empire, namely, in Russian Lapland, a few small

diamonds have been recently found. At the time of the expedition of C. Rabot in the

second half of the eighties, a few stones were found in the valley of the Pasevig river which

flows into the Varanger Fjord, an arm of the Arctic Ocean, and forms the Russo-Norwegian

frontier in longitude 30° E of Greenwich. This river flows over gneiss which is penetrated

by numerous veins of granite and pegmatite, by the weathering of which the diamond-

bearing sand has originated.

According to the investigations of C. Velain, these sands contain the following minerals,

named in the order of their frequency of occurrence : Garnet (almandine) in rose-red

rounded grains, forming half the total bulk of the sand, zircon, brown and green hornblende,

glaucophane, kyanite, green augite, quartz, corundum, rutile, magnetite, staurolite, andalu-
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site, tourmaline, epidote, felspar (oligoclase), and, lastly, the rarest constituent, diamond.

The diamonds occur as small, angular, rarely water-worn, water-clear grains or broken

fragments. These rarely exceed 0*25 mm. in diameter, though one crystal has been found

measuring 1*5 mm. across. The transparency of the stones is greatly impaired by the

presence of numerous enclosures, some being cavities containing gas, while others are micro-

scopic crystals of an unknown substance. That these small grains are indubitable diamonds

is demonstrated both by their hardness and by the fact that they are combustible in oxygen,

the products of combustion being pure carbon dioxide.

The minerals associated with the diamond in Lapland are practically the same

jas in India and Brazil ; epidote, however, while present in India is absent in Brazil,

and the hydrous chloro-phosphates, so abundant in Brazil, are here absent. Velain

has expressed the opinion that the diamond here originated in the pegmatite ; the

mother-rock and the precious stone having been formed concurrently, as is also supposed by

Chaper to be the case with the pegmatite at Wajra Karur, near Bellary in southern India,

described above. In any case the Lapland diamonds must have been derived from one

of the ancient crystalline rocks mentioned above, since no other type of rock is present in

the whole of this region. No recent accounts of this locality have been published, and

further investigation is much to be desired, since it would probably shed fresh light on the

problem as to the nature of the original mother-rock of the diamond, and on the doubtful

occurrence of diamond in pegmatite at Wajra Karur. Though of no commercial or

economic importance, the discovery of Rabot and Velain is of great scientific interest and
should be assiduously followed up.

10. DIAMONDS IN METEORITES.

In recent years our knowledge of the distribution of diamonds has been extended in an

interesting direction by the observation that this mineral occurs in a number of meteorites

in the form of small, usually microscopic, grains of a grey or black colour, closely resembling

carbonado. Diamond is thus a substance which is not confined to the earth, but is present

in extra-terrestrial bodies, fragments of which, from time to time, fall upon the earth's

surface. From an aesthetic point of view, meteoric diamonds are, of course, valueless ; their

interest and importance in connection with the natural history of the mineral is, on the

contrary, very considerable, and it is fitting that this particular occurrence of the diamond
should receive appropriate mention, especially as on it various theories as to the mode of

origin of the diamond in the earth's crust have been based.

The meteorite which fell in Russia on the morning of September 22, 1886, in a field

three miles from the village of Novo-Urei, on the right bank of the Alatyr, a river in the

Krasnoslobodsk district of the government of Penza, was the first in which diamonds were

observed. It was examined by Messrs. Jerofejeff and Latshinoff, and was found to consist

of the minerals olivine and augite, with interspersed carbonaceous matter and metallic

nickeliferous iron. The carbonaceous substance contained small greyish grains, the

hardness, specific gravity, chemical composition, and appearance under the microscope of

which, proved them to be undoubtedly diamond (carbonado). The results arrived at by
these investigators have been fully confirmed by others. In this stone diamond was present

in the proportion of 1 per cent., so that, since the whole meteorite weighed 17623 grams
(rather less than 41bs.), the total amount of diamond present was 17*62 grams or 85'43

carats.

Black grains of diamond have also been observed in the meteoric stone of Carcote, in the

desert of Atacama, in Chile. Diamonds have subsequently been found, usually in meteoric
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irons, for example, in that which fell at Arva in Hungary, and at Canon Diablo in

Arizona.

Many meteoric irons contain small cubes of graphite, having the same crystalline form
as cubes of diamond ; this cubic form of graphitic carbon, to which the name cliftonite has

been given, is present in the meteoric irons which fell at Arva in Hungary, at Toluca in

Mexico, at Youndegin in Western Australia, in Cocke County and at Smithville in Tennessee,

and perhaps also in a few others. It is, however, highly probable that these cubes were

originally diamond, and were changed into graphite by the agency of* heat, the possibility

of such a change being effected artificially by heating diamonds away from contact

with air, having been previously mentioned above. If this be so, the occurrence of

diamond in meteorites is much more general than has been supposed, and now that

attention has been drawn to the matter, it is probable that closer examination will

demonstrate the presence of diamond in many other meteorites in which its absence has

not been definitely proved.

C. ORIGIN AND ARTIFICIAL PRODUCTION OF THE DIAMOND.

The problem as to the origin of the diamond in nature is one which has received no

small amount of attention. Many and various are the suggestions which have been from

time to time put forward, but few are based on scientific considerations, the majority being

purely imaginative, and therefore valueless as working hypotheses.

Before formulating any useful hypothesis as to the mode of origin of the diamond in

nature, it is necessary to learn as much as possible of the conditions under which diamonds

occur in all parts of the globe and in extra-terrestrial matter, and of the manner in which

they may be artificially produced. Of neither of these subjects is our knowledge much in

advance of that of former years. The artificial production of diamonds is an art yet in its

infancy, and for the elucidation of the problem as to their natural origin, experiments in the

artificial production under conditions corresponding as closely as possible to natural conditions,

are required. A close study of the conditions under which diamonds occur in nature is

desirable therefore, not only as an aid in making such experiments, but also with a view

to the collection of detailed information respecting the minerals associated with the diamond,

a knowledge of the mode of origin of which would be a substantial help in the solution of

the problem.

Almost every mode of origin, possible and impossible, for the diamond has, at one time

or another, been brought forward : thus some have conceived the formation of diamond to

have been brought about by the vital processes of plants ; others have derived the precious

stone from organic remains : and yet others from inorganic substances. Some assume a high

temperature to have been an essential of the process; while others, on the ground that

diamond subjected to high temperatures is converted into graphite, consider such a condition

an impossibility. A few of the many theories which have been brought forward are set

forth below :

The earliest is that of the celebrated physicist, Sir David Brewster, who unreservedly

expressed the opinion that the formation of diamonds was due to the vital processes of

plants, the process of formation having been similar to that of the formation of resin, and

that the diamond at one time was viscous like a resin. The view that the diamond had been

separated out from the sap of some plant in much the same way as a form of silica, the

so-called tabasheer, is separated out and deposited in the knotty stems of the bamboo,
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was accepted also by the Scotch mineralogist, Jameson, and similar views were held by

Petzholdt.

D'Orbigny regarded the diamond as a decomposition product of extinct plants ; the

same view was held by Wöhler, who assumed the alteration to have taken place at a low

temperature, and vigorously disputed the theory which demanded a high temperature for the

formation of the diamond. J. D. Dana, on the other hand, regarded a high temperature if not

as an essential, at least as a probable condition, and considered that the diamond might have

been derived from organic substances by the same processes which effect the metamorphism

of rocks. Göppert entertained similar views, owing to his belief that in the course of his

detailed investigation of the enclosures of diamond he had detected plant remains. By
theorists of this school it was supposed that the decomposition products of decaying vegetable

gradually escaped, leaving behind a substance which contained an ever-increasing proportion

of carbon ; this substance, having been at length transformed into pure, amorphous carbon,

was supposed to be capable of taking on the crystalline form of diamond. Very similar

views were held by G. Wilson, who supposed that hydrogen and oxygen gradually escaped

from woody matter and left behind a substance resembling anthracite, which, by further

alteration, he conceived might be transformed into diamond. These processes were assumed

to take place at a low temperature, since at higher temperatures graphite, and not diamond,

would be formed.

The opposite opinion was held by Parrot, namely, that the alteration of woody matter

took place at high temperatures ; he suggested that the transformation into diamond of

small particles of carbonaceous matter, strongly heated by volcanic agencies, was effected by

a sudden cooling. Carvill Lewis has expressed similar views with special reference to the

origin of South African diamonds. He considered the diamond to be formed in the

kimberlite at the time this was erupted into the pipes as a molten igneous rock. Numerous

fragments of the carbonaceous and bituminous shales, through which the igneous rock forced

a passage, were caught up by the igneous mass, and Carvill Lewis supposed the heat of this

mass to have converted the carbon contained in the fragments of shale into diamond.

According to the views of other investigators the igneous rock itself contained carbon, which

crystallised out of the molten mass as diamond, before it was erupted into the volcanic pipes.

C. C. von Leonhard also invoked the aid of volcanic heat, but supposed the carbon to

be volatilised, and diamonds to be formed by the crystallisation of the sublimed carbon.

G. Bischof, while he does not combat the view that the diamond has been formed from

vegetable matter, makes no definite statement with regard to its mode of origin other than

the opinion that a high temperature is an impossible condition.

Liebig supposed that by some kind of decomposition a product growing ever richer in

carbon was separated out from a fluid hydrocarbon, and that this product, when it finally

became pure carbon, crystallised in the form of diamond ; he pointed out that such a mode
of origin could only conceivably take place at low temperatures, the combustibility of the

substance rendering the process impossible under the conditions of a high temperature and

the presence of oxygen. Berthelot, though not referring specially to diamond, has asserted

that a separation of carbon from such a liquid could take place only under the influence of

heat, a statement directly opposed to the assumption made by Liebig. Chancourtois

brought forward a theory to the effect that diamond has been formed by the slow oxidation

of emanations of a gaseous hydrocarbon, the hydrogen forming water, part of the carbon

forming carbon dioxide, and the remainder crystallising as diamond, the whole process being

analogous to the formation of sulphur from hydrogen sulphide, the oxidation of the hydrogen

being accompanied by the separation of crystals of sulphur.



DIAMOND: ORIGIN 235

A few authorities, including the mineralogist, J. N. Fuchs, suppose that large amounts
of carbon dioxide are present in many places in the interior of the earth, and that this has

played an essential part in the formation of the diamond.

Göbel suggested that at high temperatures carbon dioxide might be reduced by certain

metals, such as aluminium, magnesium, calcium, iron, or by silicon, &c, the carbon

crystallising out during the reduction as diamond. In connection with the existence of

drops of liquid carbon dioxide enclosed in cavities in certain diamonds, Simmler stated the

opinion that liquid carbon dioxide at a high temperature and pressure is capable of dissolving

carbon, and that from this solution carbon may crystallise out as diamond. These

assumptions were not, however, supported by the investigations of Gore and of Dölter,

who failed to establish the solubility of carbon either in liquid carbon dioxide or in

gaseous carbon dioxide above the critical temperature and under great pressure.

The compounds of carbon with chlorine are sometimes assumed to be the original source

of the carbon of the diamond. A. Favre, and later H. St. Claire Deville, admitted the

possibility of the formation of diamond from such compounds, the former having been

induced to entertain this idea from the fact that certain minerals associated with the diamond

in Brazil can be artificially produced from chlorine compounds. Gorceix, who was well

acquainted with Brazilian deposits, considered such an origin for diamonds from this region

to be quite within the range of possibility, the carbon being supplied by chlorine or fluorine

compounds. Without committing himself to any details of the process, Damour also

considers it possible that Brazilian diamonds may have originated by the interaction of a

variety of suitable compounds. Finally, we may mention the hypothesis for which Gannal is

responsible, namely, that the diamond may have been formed by the decomposition of carbon

bisulphide. Other possible modes of formation will be mentioned when the methods

employed in the artificial production of diamonds arc under consideration.

A consideration of the character of the various diamantiferous deposits, which are

scattered over the face of the globe, and often widely separated, leads inevitably to the

conclusion that there is no single mode of origin common to all diamonds, but that in

different deposits the diamond has originated in different ways. If the diamond really occurs

in India and Lapland embedded as an original constituent in granite-veins penetrating

gneiss, and in South Africa in an olivine-rock associated with gneiss, it almost certainly

follows that in these localities the diamond has been formed in the same way as the igneous

rock in which it occurs.

Unfortunately, however, this brings us no nearer the truth, for the exact mode of

formation of such rocks is still one of the obscure questions of geology. It is probable that

such granite-veins (pegmatite) are due to the solidification, presumably at not very high

temperatures, of masses of fused silicates saturated with water. Such a mode of origin is,

however, not likely in the case of the gneisses and rocks interfoliated with them, such as the

olivine-rock in which the diamonds of the Cape were originally contained, and in the

alteration product of which, namely, the serpentine-breccia, they are now found. If, on the

other hand, this original olivine-rock is not interfoliated with gneiss at some depth below

the earth's surface, but is an eruptive rock which has penetrated the gneiss, as Carvill

Lewis has urged, then its mode of origin may not differ essentially from that of pegmatite,

and the South African diamonds may have been formed in the same way as those of India

and Lapland. If, then, in these countries the diamond is, or has been, a constituent of an

igneous rock, we must conclude that it was during the cooling and solidifying of the fused

mass of rock that the diamond crystallised out, the carbon of its substance, if not present

as a normal constituent of the rock, being derived from bituminous foreign matter. The
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existence of enclosures of liquid carbon dioxide in the minerals of such rocks, especially in

the quartz of granite and gneiss, but also in olivine and even in diamond itself, has a special

significance in this connection. Luzi has demonstrated that in the presence of water and

of compounds of fluorine, carbon is soluble in a fused silicate. Though in the experiments

of this investigator the dissolved carbon separated out in the form not of diamond but of

graphite, it is not inconceivable that under other conditions, such as the high pressure and

temperature of the eartlTs interior and the presence of other substances, diamond itself

might be formed. The more recent experiments of I. Friedländer (1898) have demonstrated

that graphite is soluble in fused olivine, and that on cooling diamond separates out, facts

which have an important bearing on the origin of South African diamonds.

The diamonds which, together with crystals of quartz and other minerals, are found

in crevices in the itacolumite of Brazil must have originated in quite a different way.

There is not the slightest doubt that the crystals of quartz and of the accompanying

minerals have been deposited from aqueous solution, perhaps even at ordinary temperatures.

If this mode of occurrence of the diamond is really a fact, we can only assume that the

diamond originated in the same way as the minerals with which it is associated, but as to

the nature of a solution capable of depositing diamonds only negative statements can

be made. Gorceix, who first expressed the opinion that Brazilian diamonds originated in

the same way as the minerals with which they are associated, considered that this common
origin must be sought not in the direction of deposition by solution, but rather in the

interaction of gases, such as compounds of chlorine and fluorine and water-vapour rising up

from the interior of the earth.

The diamonds of the Adolphskoi gold-washings in the Urals have been supposed to

have been originally embedded in a bituminous dolomite. Engelhardt, who first suggested

the probable identity of the bituminous dolomite with the mother-rock of the diamonds of

this district, supposed the diamonds to have originated by the transformation of the

bituminous material, but made no suggestion as to the means whereby such a transformation

might be effected.

The occurrence of diamond in the meteoric stone of Novo-Urei, on account of its

association with olivine and angite, is comparable with its occurrence in South Africa, and

the mode of origin of the diamond in South Africa and in extra-terrestrial matter of this

type is probably one and the same. The origin of diamond in meteoric iron is, however,

of a different kind. Under ordinary conditions the excess of carbon taken up by molten

iron crystallises out on cooling in the form of graphite, and crystals of this modification of

carbon are frequently to be seen both in ordinary cast-iron and in most meteoric irons.

Moissan, however, has recently demonstrated that when a mass of molten iron solidifies under

great pressure, the carbon separates out as diamond. The existence of diamond in meteoric

iron may conceivably be due to causes other than high pressure during its solidification,

such, for example, as the presence of nickel, phosphorus, and other chemical elements.

It is obvious from what has been said that the origin of the diamond in nature is still

to a great extent shrouded in mystery. For the complete elucidation of the problem

further study of the various modes of occurrence of the precious stone, and of the

minerals associated with it, together with more extended experiments in its artificial

production, are desirable and necessary.

Very few facts shedding light on the problem as to the origin of diamond have hitherto

been gleaned from experiments in the artificial production of the precious stone, the

observation and study of diamantiferous deposits having been a much more fruitful method

of attacking the problem. Although various experimenters have from time to time asserted
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their success in producing artificial diamonds, it is only in quite recent years that absolutely

unquestionable results have been attained. The methods employed by various workers have,

as a rule, differed from each other ; thus in one case it has been sought to obtain diamonds

by fusing or volatilising carbon in the intense heat of the electric furnace ; in another by

the separation of carbon from one of its liquid compounds at ordinary temperatures, or at

a high temperature combined with great pressure. Some of the most important

investigations have been made by Despretz and Hannay, and of the more recent

experimenters Moissan has been most successful. Even the crystals obtained by Moissan

scarcely exceed microscropic size, so that though their scientific interest is great, they

are inapplicable as gems.

In the experiments of Despretz (1853), electric sparks were continually passed through

a vacuum for a period exceeding a month ; the terminals made use of were respectively a

carbon cylinder and a platinum wire. At the conclusion of the experiment it was

found that the latter had received a coating of particles of carbon, which, under a

magnification of 30 diameters, appeared as small octahedra, and were said to scratch

corundum. In other experiments in which the terminals were a carbon point and a

platinum wire, the electric current was passed through acidulated water, and similar,

though less marked, results were stated to have been obtained. In neither case, however,

were the particles of carbon proved beyond question to be diamond.

In 1880 it was demonstrated by J. B. Hannay, a Scotch chemist, that metallic

sodium, and still more metallic lithium, is capable at a high temperature of separating

carbon from a hydrocarbon ; the same worker also claimed to have established the fact

that, at a high temperature and pressure, carbon could be separated in the same way from

nitrogenous organic substances. The investigation was carried out by placing lithium and

paraffin (the latter to play the part of a hydrocarbon) and a little sperm-oil in a very

strong, sealed, wrought-iron cylinder, which was then exposed to a very high temperature ;

the interaction of these substances thus took place under great pressure. It was hoped

that the carbon separated from the paraffin by the lithium would, at the moment of its

separation, dissolve in the sperm-oil, and that on cooling diamond would crystallise out

from this solution. A crystalline mass, containing 97 per cent, of carbon was indeed

obtained, but its identity with diamond is, as before, doubtful.

Since 1893 more successful experiments having the same object in view have been

devised and performed by Moissan, the celebrated French chemist. He adopted the method

of causing carbon to dissolve in iron at the very high temperature of the electric furnace,

and then subjecting the molten mass to rapid cooling by immersing the crucible in which it

was contained in cold water, or by pouring the molten substance into a mould of iron

filings, or by other means. The object of the rapid cooling was to produce an exterior shell

of solid metal enclosing liquid material under tremendous pressure ; it was hoped that the

carbon crystallising out from the liquid under this great pressure would assume the form of

diamond, instead of graphite as under ordinary conditions. At the close of the experiment,

the mass of iron was dissolved in acid, and some black grains and small, water-clear crystals

were obtained, which possessed all the properties of diamond and were completely

combustible in oxygen, yielding carbon dioxide as the sole product of combustion. The
largest crystals obtained by this method are about \ millimetre (-^ inch) in diameter ;

identical results are obtained when the experiment is performed with molten silver instead

of iron. There can no longer be any doubt that by this method it is possible to produce

genuine diamonds.

Another successful method of producing artificial diamonds has been recently (1898)
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discovered by I. Eriedländer. A small piece of olivine was fused in the gas-blowpipe and

the molten mass stirred with a rod of graphite. After cooling, those parts of the silicate

which had been in contact with the carbon were found to contain vast numbers of brown

crystals of microscopic size (0*001 mm. in diameter). These crystals were found to be

octahedral or tetrahedral in form, to be unattacked by hydrofluoric and sulphuric acids, to

have a high refractive index, to sink slowly in methylene iodide, to burn away when heated

in a current of oxygen, and to be unaltered by heating in a current of carbon dioxide. All

these characters point to one conclusion, namely, that the crystals so produced are diamond,

and still further proof is furnished by the fact that the stony mass containing them is

capable of scratching corundum.

When we essay to draw conclusions as to the origin of diamonds in nature from

experiments in their artificial production, we should be careful that the conditions of the

artificial production and of the natural occurrence are parallel. For example, the

experiments of Moissan are most helpful in explaining the origin of diamond in meteoric

iron, while those of Friedländer suggest that the diamonds of South Africa and of meteoric

stones have been formed by the action of a molten silicate magma upon graphite or some

carbonaceous material. Friedländer himself suggests that, in the case of the South African

deposits, the carbon may have been derived from the carbonaceous shales which are

penetrated by the pipe of diamond-bearing " blue ground"; there are, however, objections

to this view, as has been shown already.

Further experiments in the artificial production of diamonds are desirable, especially

with a view to the discovery of a liquid capable of depositing carbon in the crystalline form

of diamond ; when more knowledge on this point has been obtained, it will, perhaps, be

possible to explain the origin of diamond in pegmatite veins and in itacolumite, as well as

in olivine-rock and in eclogite (p. 197).

D. APPLICATIONS OF DIAMOND.

The natural beauty of the diamond renders it primarily an object of {esthetic value

;

only faulty, opaque, or unpleasingly coloured specimens are applied to technical purposes

for which a material of great hardness is essential.

1. APPLICATION IN JEWELLERY.

The beauty of a diamond depends but rarely upon the tint of the pigment it may contain,

but is rather associated with the marvellous lustre and play of prismatic colours so

characteristic of this stone. This play of colour differs in degree in different stones, and

depends to a large extent on the method of cutting which has been adopted ; uncut stones,

with their rough, and often somewhat irregular faces, either do not show any play of

colours, or display it to only a very limited extent.

How far the ancients were acquainted with the art of diamond-cutting, or even with

the polishing of the natural crystal-faces of the stone, is not certainly known, but that they

were not entirely ignorant of the process is apparent from their writings.

In India, the ancient home of the diamond, the art of polishing the faces of natural

crystals was practised in the remotest times ; when or how the device of faceting stones

was discovered or introduced in this country is not known, but it was practised in the

seventeenth century, at the time of Taverniers visit (1665). According to native ideas in
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India, the only object of cutting a stone is the removal of faulty portions, and a natural

octahedron of which the faces have been polished is preferred. In spite of this, various

forms of cutting are more or less in vogue ; the most general forms are the thick-stones

(Plate IV7
., Fig. 15, a, b\ table-stones, and thin-stones ; the first named form, on account of

its generality in India, is often referred to as the " Indian cut." Such forms of cutting,

together with others in which the facets are more numerous, are admired and met with, not

only in India, but elsewhere in the Orient, namely in Persia, Arabia, Bagdad, &c. The
Oriental diamond-cutter follows the outlines of the rough stone as closely as may be, striving

to reduce the loss of material to a minimum. The European diamond-cutter, on the

contrary, aims at developing to their fullest extent the optical properties of the stone, and
makes economy of material only a secondary consideration. In many cases an irregular gem,
" lumpy stone," or " pebble," cut by an Oriental, has passed into the hands of a European,

and has been re-cut, the greatly enhanced beauty of the European cut stone compensating

for the loss of material involved in a second cutting process. Such was the fate of the

famous u Koh-i-noor," among other stones ; Plate X., Fig. 4, a, b, shows the form of the

Indian cut of this stone, and Fig. 5, a, &, c, its form after being re-cut.

Diamond-cutting in India was not, however, entirely in the hands of native lapidaries,

for Tavernier states that the " Great Mogul," the large diamond named after the ruler of

Delhi, its possessor, was cut rather unsuccessfully by Hortensio Borgis, a Venetian cutter.

The diamond-cutting industry has flourished in Europe since the end of mediaeval times,

and European ideas have had a certain influence upon the development of the art in India.

In all Western countries in the middle ages, diamonds were used in the rough condition,

with the natural faces polished, or in the form of point-stones, thick-stones, table-stones,

&c, which were the forms of cutting usual in India at that time. At this period gems

were used not so much as personal ornaments by women, but more often for enriching robes

of state, such, for example, as the coronation mantle of Charles the Great, and for

ornamenting reliquary shrines, sceptres, crowns, scabbards, &c. Practically nothing is

known of the diamond-cutting industry in Europe until the beginning of the fifteenth

century, when a skilled artisan named Hermann appeared in Paris, and did much to develop

the art. As early as 1373 the existence of diamond-polishers at Nürnberg is mentioned,

but nothing is known as to the methods practised by these workers.

The gradual development of the art of gem-cutting and the spread of the knowledge

of this art was accompanied by the gradual growth of the custom of wearing diamonds as

personal ornaments by women. The custom was introduced subsequently to the year 1431,

in the time of Charles VII., in the French court by Agnes Sorel. The taste for this

form of personal ornament had grown amongst the ladies of the court of

Francis I. to such an extent, that edicts, levelled against the excessive use of gems as

personal ornaments, were issued both by Charles IX. and Henry IV., without, however,

having any effect. From the French court the custom gradually spread over the whole

of Europe.

The large demand for diamonds thus caused gave a new impulse to the diamond-

cutting industry, and during the course of the fifteenth century the art made its greatest

strides. The advancement was due, to a certain extent, to the influence of the Dutch

lapidary of Bruges, Ludwig van Berquen, who invented his particular process in the year

1476. Although some credence has been given to the statement of Robert van Berquen,

that his grandfather was the originator of the modern method of diamond-cutting,

namely, the use of diamond powder, yet the device had probably long before been known

in Europe. What L. van Berquen probably did was so to improve the technique of the
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art that greater precision in the arrangement of the facets could be attained. Owing
to irregularity in cutting, the play of prismatic colours in table- and point-stones was

often scarcely observable at all, and the stones cut after Berquen's method offered a great

contrast in this particular.

Among the first and most famous diamonds cut by L. van Berquen are said to have

been those in the possession of Charles the Bold, Duke of Burgundy, some of which were

lost at the time of his defeat by the Swiss. Certain of these stones are probably still at the

present day in the form in which they left Berquen^ hands, and they bear witness to the

high degree of perfection to which this artist had attained. According to Schrauf, the

cutting of the "Florentine'" (Plate XL, Fig. 10, a, b), and of the " Sancy " diamonds

(Fig. 11, a, 6), was the work of van Berquen ; they are cut in the briolette or pendeloque

form, a form which van Berquen was the first to adopt.

This particular form of cutting was not often copied, at the present time it is quite

unused and is never shown by recently cut stones. The different varieties of the rose or

rosette form of cutting (Plate IV., Figs. 1-7), which were introduced in the sixteenth

century (about 1520), on the contrary grew quickly into favour, and at the present day are

in general use and frequently seen. This form of cutting is most advantageous for thin

and flat stones, since it involves but little waste of material and at the same time permits

the full display of the lustre of the stone. It is, however, inferior to certain other forms of

cutting in that it fails to develop to the fullest extent possible the beautiful play of colours

so characteristic of a cleverly cut diamond.

The rose form was in vogue for about a century, and was then largely superseded by

the most perfect form of cutting yet devised, namely by the brilliant form. This form was

invented in the middle of the seventeenth century, and the idea is said to have originated

with Cardinal Mazarin. The stones first cut in this form were double-cut brilliants

(Plate II., Fig. 1, #, b, c), and had on the upper part sixteen facets besides the table. At

the end of the seventeenth century the triple-cut brilliant (Fig. 3, «, b, c,), with thirty-two

facets on the upper part, was introduced by Vincent Peruzzi of Venice. This form of

cutting, which is still more favourable for the display of the optical properties of the stone,

is in use at the present day, with no alteration except that the size of the facets is more

equalised, as shown in Fig. 4, a, b, c, of the same plate. The various forms of cutting

which have subsequently come into use do not differ in any essential respect from those

already described. The star-cut, for example, of M. Caire (Plate III., Fig. 1, a, 6, c), by

means of a slight modification, combines an economy in the rough material, with no

inferiority in the display of the optical qualities of the stone.

The loss of material involved in the cutting of a stone in the brilliant form is very

considerable, sometimes amounting to one-third, one-half, or to an even greater proportion

of the rough stone. The " Regent,'"
1

for example, which is the most perfect brilliant known,

weighed in the rough 410 carats, while its weight after cutting was only 136f carats, or

only one-third as much. The " Koh-i-noor," as cut in India, weighed 186TV carats, and

after re-cutting in England, 106TV carats; again, the "Star of the South 1
'
1

weighed in the

rough 254| carats, and as a brilliant 125 carats. The beautiful play of colours obtained

by the use of this form of cutting more than compensates for the waste of rough material

;

in no other form is this character brought out so prominently, and a good brilliant with a

fine play of colours, though small, is more highly prized than a larger stone cut in an

inferior form, and consequently with a less fine play of colours.

The brilliant is always so mounted in its setting that the broad facet or table is turned

towards the observer. Only rarely, in cases in which the stone has faults to be concealed,
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is the position reversed and the so-called Indian setting adopted. The dazzling appearance

of the brilliant is due to the way in which the rays of light entering the stone are reflected

from the facets at the back, pass out by the front facets and reach the eye of the observer

in the manner already described. As compared with a brilliant, other diamonds appear
dull and lifeless, for the arrangement of their facets does not admit of the passage of light

rays in such a way as to produce the most favourable effect, either as to brilliancy or play

of colours. It is essential, however, in order to produce the greatest effect, that even the

brilliant form should conform rigidly to the rules of proportion which have been already

laid down. The " Regent,'
1

for example, the proportions of which are strictly accurate, is a

far more dazzling and brilliant stone than is the " Koh-i-noor," which is cut with too small

a depth.

The brilliancy and fire of a cut diamond is enhanced by suitable illumination ; the

source of light should not be too large, otherwise the separation of the differently coloured

refracted rays is masked, and the light reflected appears to be white; neither should the

source of light be surrounded by an opal shade. A brilliant appears at its best when
illuminated by a number of small flames ; and the effect can be still further increased by

attaching the stone in its setting to a thin metal rod or wire, when the quivering motion

imparted to the stone by every movement produces rapidly changing flashes of colour.

Although each of the different forms of cutting which have been described may under

various circumstances be made use of for the diamond, yet there are but two forms in

general use, the first and most important being the brilliant, the other, the rose or rosette.

The diamond is the only gem which is so invariably cut in these forms, and hence is often

loosely referred to as a brilliant or a rosette.

Whenever the form of a rough stone permits, it is always cut as a brilliant, no matter

what its size may be. Plate IX. shows in actual size a series of diamonds cut in the

brilliant form, viewed from above, and ranging in weight from \ to 100 carats ; from a

study of this series some idea of the actual sizes of stones of different weights may be

gained. As a rule only small diamonds of little thickness, fragments cleaved off in the

fashioning of a brilliant from a large stone, and large diamonds which have not sufficient

depth to be cut as brilliants, are cut as rosettes. Sometimes, by preference, a large thin

stone is made into several small brilliants and not into a single large rosette.

25
50 Carats.

Fig. 44. Actual sizes of rose diamonds of 1 to 50 carats.

As in Plate IX., a series of brilliants in actual size is shown, so Fig. 44 shows the

actual sizes of a series of rose diamonds ranging in weight from 1 to 50 carats. Stones of

surprisingly small size are often to be met with cut as roses, with regularly arranged facets

;

they may be so small that 1500 or even more weigh no more than a carat. Stones of

very small size are not generally cut as brilliants. Small roses, of which 100 or 160 are

required to make up the weight of a carat, are known as piece-roses ; the Dutch lapidaries

are specially skilled in the art of cutting extremely small stones. Very minute splinters of

diamond are often furnished with a few irregular facets, when they are known as senaille,
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and, like the smallest roses, are used to form a setting round a large gem (carmoizing).

Very thin lamina? of diamond are ground down, polished on both sides, and the edges

furnished with small facets ; they are then used to cover small miniatures set in rings, &c,

producing a very striking effect, and are now known as portrait-stones or brilliant-glass.

A few trade expressions made use of by jewellers may be explained here. Very small

diamonds are referred to as salt-grains, very large ones as solitaires, nonpareils or paragons.

All cut diamonds exceeding 50 carats in weight were formerly known as solitaires, while

those exceeding 100 carats have been referred to as majestic diamonds. Stones weighing

less than a carat are known as carat-goods, those of 1, 2, &c, carats as carat-stones, two-

carat-stones, &c.

2. DIAMOND-CUTTING.

The general principles of the art of gem-cutting have been already considered ; the

cutting of the diamond, however, on account of the perfect cleavage and enormous hardness

of the stone, requires special methods, which must be separately considered.

As we have seen, diamonds are most frequently cut in the brilliant form, which form is

comparable to that of an octahedron of which two opposite corners have been truncated.

A truncated octahedron, therefore, can be transformed into a brilliant by simply adding the

necessary facets, hence the form of crystal which can be most conveniently cut as a brilliant

is the octahedron. Crystals of the form shown in Fig. 31, n and o, are therefore specially

suited for the fashioning of brilliants. The rhombic dodecahedron and the hexakis-octa-

hedron (Fig. 31, c and d) are also suitable ; but stones, whose form differs widely from that

of the regular octahedron, for example Fig. 31, e and f, cannot be so easily transformed

into brilliants. Before such a stone is faceted it is reduced by cleavage to the octahedral

form, in order to avoid the tedious process of grinding away portions which need to be

removed. The property of cleavage then is very useful to the diamond-cutter, for not only

is he spared much labour in grinding, but the fragments removed by cleavage can be utilised

in the fashioning of smaller gems ; moreover, the property can be made use of for the

purpose of removing the faulty portions of a stone or of dividing a large stone of unsuit-

able form into several smaller ones. The operation is, however, one which demands the

greatest care ; the worker should be capable not only of detecting the direction of cleavage

from the outward form of the rough diamond, but also of recognising the existence of twin-

ning in a crystal. Any attempt either to cleave a twinned crystal or to cleave an ordinary

stone in a wrong direction, will probably be attended with more or less complete fracture

of the stone.

The operation of cleaving a diamond, which is entrusted to trained workmen, is

performed in a manner now to be described. The stone to be cleaved is fixed to the end of

a rod with some kind of cement, such as a mixture of shellac, turpentine, and the finest

brick-dust, and in such a position that the direction of cleavage is parallel to the length of

the rod. A second diamond with a projecting edge is fixed to a similar rod with the edge

uppermost. By grinding the sharp edge of the second diamond against the first, a nick in

the direction in which the stone is to be cleaved is cut to a sufficient depth. The rod
supporting this diamond is set on a firm elastic base, a sharp, strong chisel is placed in the

proper direction in the nick, and the cleavage effected by dealing the chisel a single sharp

blow with a hammer. The cement may be loosened by heating, and the stone placed in

another position if it is desired to cleave it in another direction. The powder produced
when the nick is made is caught in a small box provided with a sieve, and is utilised in the

process of grinding.
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It has been stated by Tavernier that the custom of cleaving diamonds has been

practised in India since very early times ; in Europe, however, the art was acquired much

more recently, and is said to have originated with the English chemist and physicist

Wollaston (1766-1828), of whom it is related that by cleaving away the faulty exterior

portions of a large diamond he was enabled to dispose of the stone at a considerable profit.

Stones which, either by nature or by the hand of man, have been given the shape of

an octahedron, have already the ground-form of the brilliant and can be at once faceted.

The work of grinding the facets is facilitated by a preliminary operation, which is entrusted

to special workers and is not performed in the process of cutting any other gem. This

operation, by which the shape and position of the facets are roughly marked out, is known

as bruting, rubbing, or greying the stone. The stone to be bruted is fixed to a handle,

and, with the exception of the area on which the facet is to be made, is embedded in cement

or in a fusible alloy of lead and tin. This projecting portion is rubbed with a strong

pressure upon the projecting portion of another stone similarly mounted and prepared, and

thus a facet, in approximately the correct position and with a fairly even but rough surface,

is developed upon each of the stones. The powder abraded from the two stones during the

operation is carefully preserved for use in grinding. During the operation of greying,

which, by the way, derives its name from the grey metallic appearance of the facets so

made, any over-heating of the stone by friction must be carefully avoided, since it leads to

the development of " icy flakes " in the interior of the diamond. The operation is attended

by a peculiar grating sound, which is said to be so characteristic that by this alone the

possessor of a practised ear can determine whether the two stones which are rubbed

together are diamonds or some less hard gems.

At the completion of the first stage of the operation the stone is removed by warming

the cement or alloy, placed in another position, and the remaining larger facets successively

marked out in the same way. The smaller facets are not so marked out by a preliminary

operation, but by the subsequent process of grinding. When ready for the grinding

process the stones are bounded by a number of fairly even, rough faces, with a grey, some-

what metallic lustre ; they have no longer the appearance of diamonds, but resemble dull

grey metallic bodies with the general contours of the form of cutting the stone is finally

to take.

In the combined process of grinding and polishing, the preliminary disposition

of the facets, which may be slightly incorrect, is rendered strictly accurate by the completion

of the grinding, their rough surfaces are rendered smooth and shining, and the smaller

facets are added. The grinding process is the same as in the case of other gems as already

described, the diamond being imbedded in the fusible alloy of a dop and placed on the

grinding disc. Since in the grinding of diamonds the disc must be charged with diamond

powder, which of course has the same hardness as the stone itself, the operations of grinding

and polishing take place simultaneously, and any separate polishing process is superfluous.

Any dirt or foreign matter which may adhere to the stone after the process of grinding is

removed by treatment with fine bone-ash or tripolite.

In the process of grinding it is by no means immaterial in which direction the grinding

disc moves across the facet which is being worked. Owing to the fact that the diamond, as

well as other precious stones, has a different degree of hardness in different directions, the

grinding of its facets can be accomplished with comparative ease in some directions, while

in others the process is extremely tedious. To avoid injury both to the stone and to the

grinding disc, the diamond must be ground " with the grain " ; and the operator ought to

make himself familiar with these directions of least resistance, otherwise his work will be
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Fig. 45. Directions of least hard-

ness on the facets of a brilliant.

unnecessarily prolonged. When, for example, the table of a brilliant is to be developed

upon an octahedron, the grinding disc should move from centre to centre of two opposite

octahedral faces ; if allowed to move from edge to edge, the facet can only be developed

with the greatest difficulty, for in this direction the hardness of the diamond is much greater

than in the other. The directions of least resistance to

grinding on each of the facets of a brilliant are indicated in

Fig. 45 by arrows. The large four-sided facets above and

below and to the right and left of the table, are the faces of

the octahedron.

We have thus seen that the three operations in the

/A process of diamond-cutting are entrusted to as many classes

>J of skilled workmen, namely cleavers, bruters, and grinders

or polishers.

The order in which the facets of a brilliant are ground

has also a certain importance. Starting from the octahedral

ground-form, the table and culet are in every case first

developed. The correct proportions of a brilliant are

attained by grinding away five-ninths of the upper half for the table, and one-ninth of the

lower half of the stone for the culet, the upper portion of a perfect brilliant being

one-third, and the lower being two-thirds of the whole thickness of the stone from table

to culet.

Some rough stones are of such a shape that they cannot be cut into the usual brilliant

form, but are given an oval or triangular outline ; in this case, the method of procedure

described above requires a slight modification, as also when

the stone is to be cut as a rose or in some form other than

the brilliant. In the latter cases the cleavage of the stone

does not play so important a part, but otherwise the mode of

procedure is much the same.

In past times the diamond-cutting industry has centred

now round this town, now round that. The important

invention ascribed to Ludwig van Berquen was made in 1476

at Bruges; in the fifteenth and sixteenth centuries, however,

most of the work was done in Antwerp, where the workers of

L. van Berquen had settled. Later on Amsterdam became

the centre of the industry, and through many vicissitudes this

city has retained its supremacy up to the present day. In

Amsterdam there are now seventy diamond-cutting establish-

ments, large and small, fitted up with all the modern technical appliances, and using steam

as the motive-power. The industry gives employment to more than 12,000 people, all of

whom are Jews ; in one establishment alone there are 450 grinding machines and 1000
employees, and in the whole of Amsterdam there are said to be a total of about 7000
grinding machines (skaifs) at work. Amsterdam, however, no longer monopolises the

industry, for skilful cutters are now to be found in Antwerp, Ghent, Paris, St. Claude in the

French Jura, London, and specially in Germany, more particularly at Hanau ; diamond-
cutting works are also to be found at Berlin and at Oberstein on the Nahe, a town which

has long been well known as the centre for the working of agate and other varieties of

quartz. In America the diamond-cutting industry has been introduced at Boston. But
Amsterdam still holds the lead, and the largest and most valuable stones are always

Fig. 46. First stage in the de-

velopment of a brilliant from an
octahedron, showing the position

of the table and culet.
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entrusted to the cutters there, who are held to be the most skilful and who best

understand how to provide quite small stones with regularly arranged facets.

While the softer precious stones are often submitted to the operation of engraving,
the diamond is very rarely so treated. Whether diamonds were engraved at all by the

ancients is a matter open to grave doubt ; only a few engraved diamonds belonging to more

recent times are known ; one of these bears the portrait of Don Carlos, and another was

engraved with the Spanish arms for Charles V. The engraving of the diamond is never

attempted at the present day, since the result of such attempts is in no way commensurate

with the labour expended. That the art was not entirely unknown in the Orient is

evidenced by the existence of a beautiful Indian octahedron of 30 carats, described by

Boutan, one face of which was engraved with a devotional motto. According to G. Rose's

account, some of the faces of the irregularly-formed diamond known as the " Shah," now in

the Russian crown jewels, were engraved in Persian characters with the names of Persian

kings. Two of the faces of the " Akbar Shah,
1,1

another large diamond, were engraved with

Arabic inscriptions, but these, like the engravings on the " Shah," had to be sacrificed when

the stone was re-cut.

Only rarely have diamonds been bored and threaded as beads ; the art is said to be

practised at the present day at Ghent and Venice, in the latter city being the last remains

of an old diamond-cutting industry which once flourished there. The boring is effected by

the use of diamond powder, the perforation being started with a diamond point and

continued with a steel point charged with diamond dust.

3. TECHNICAL APPLICATIONS.

The value of the diamond in its technical applications depends, as a rule, upon its

exceptional hardness, and only in a few cases on its high refractive index.

The high index of refraction of the diamond led to an attempt to utilise this substance

for the construction of microscope objectives. A diamond lens having only a slight

curvature will give the same magnification as a lens of much greater curvature constructed

of some less strongly refracting substance, such as glass. The disadvantages connected with

the use of strongly curved lenses would be thus avoided, and, moreover, diamond lenses on

account of their hardness would not be liable to be scratched by particles of dust and other

matter. Experiments in this direction were made mainly by Pritchard, under the direction

of Dr. Goring, between 1824 and 1826 ; although Pritchard was successful in preparing a

few suitable lenses their use has never been adopted, probably on account of the difficulties

connected with their construction and the prohibitive cost of the material.

Very extensive use is made of the diamond for the purpose of cutting glass, every

glazier being in the possession of a tool known as a glazier's diamond. The stone set

in this tool must be bounded by two rounded crystal-faces meeting in the curved cutting

edge, which should not be too obtuse. This cutting edge is drawn with a slight pressure

over the surface of the glass to be cut, and produces a fine scratch, not more than -^fa inch

in depth, but which is sufficient to cause the glass to be easily broken in the direction of

the scratch. The cutting edge, when properly used, cuts into the surface layer of glass like

a wedge ; when drawn across the glass by an unpractised hand, it simply tears instead of

cutting the surface, and this also happens when a sharp pointed splinter of diamond is used

instead of the curved cutting edge. In the direction of the jagged furrow produced by such

means glass will not break as it does along a clean cut. Wollaston investigated this matter

in detail, and found that the edge formed by the intersection of two curved natural faces of
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the diamond is specially adapted for cutting glass, and that artificially prepared edges of

similar construction, made of softer stones, were almost equally efficacious. He constructed

such edges of ruby, sapphire, quartz, &c, and while these were well adapted for cutting

glass, the straight edge formed by the intersection of two plane faces of a diamond was

found to be quite unsuitable for the purpose.

For a glazier's diamond, a small natural crystal of suitable form, such, for example, as

the curved rhombic dodecahedron, or other crystal with curved faces (Fig. 31, c, </, &c.), is

used. This is fixed in a metal setting by a fusible alloy, with the cutting edge projecting,

and the whole furnished with a wooden handle. The use of the tool requires a little

practice, which needs to be acquired for each particular diamond; a slight deviation from

the correct method of handling the tool militates against its effectiveness. The majority of

the stones used in the construction of glazier's diamonds are said to come from Borneo and

Bahia.

Sharp splinters of diamond, such as are often obtained in cleaving diamonds preparatory

to the process of grinding, are often mounted in a similar manner and used for the purpose

of drawing and writing on glass and other hard substances. Such diamond-points are also

useful in boring holes in glass, porcelain, precious stones, &c, and are employed now, as in

ancient times, in the engraving of precious stones, such as the ruby and sapphire. In recent

times, however, the diamond-point for engraving has been replaced by a small, rapidly

rotating metal disc or point charged with diamond powder and olive-oil.

There are many purposes for which the extreme hardness of the diamond renders it

specially valuable. Thus it is used as a cutting tool in the lathe for turning the edges of

watch-glasses and pivots of specially hard steel, such as are used in instruments of precision

of all kinds ; for the boring of cannon, as, for example, in the works of Krupp at Essen ;

in the manufacture of the finer mechanical tools ; for boring small holes in large stones

through which fine gold and silver wire is drawn ; in the turning and working of hard

stones, such as granite, gneiss, porphyry, &c. ; for the pivot supports of the most accurate

chronometers and other delicate instruments, and for many other purposes.

The diamond, however, at the present time, has a wider application in a direction

which has not hitherto been indicated, namely, in the construction of rock-drills. Since

its introduction in 1860, the diamond rock-drill has grown steadily in importance, and is

now widely used in the many boring operations connected with mining, tunnelling, and the

sinking of artesian wells, prospecting bores, &c. The rotating, boring crown of the drill is

studded with carbonado, and, compared with other boring appliances, penetrates the rock

with extraordinary rapidity. The fashioning of sharp-edged furrows on the grinding

surfaces of millstones, for which in recent years special machines have been devised, is also

effected by means of the diamond ; for these, and all other technical purposes, small diamonds

of poor quality, bort, and carbonado are used.

Diamond powder is now used very largely, not only in the grinding of the diamond
itself, but also in the grinding and cutting of other precious stones, even such as are soft

enough to be cut with emery. The economy in time and labour, and the superiority of the

results attending its use, more than compensate for the increased cost of the material. The
same substance is also used for the purpose of slicing through hard stones, the cutting being

effected by a rotating disc of soft iron, in the edge of which are embedded fine splinters of

diamond.
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4. LARGE AND FAMOUS DIAMONDS.

There are a comparatively small number of diamonds in existence which, either on

account of their size, beauty, or historic and ancient associations, possess a special interest.

AVhile the origin and early history of many stones in existence at the present day is a

complete blank, there are others, of which reliable accounts and drawings are given in

ancient writings, whose present whereabouts is entirely unknown ; the latter may have been

destroyed or lost, or, on the other hand, they may lie hidden in the treasure-houses of some

Oriental princes, whose predecessors possessed a taste for the collection of gems.

All the older famous diamonds of large size and enormous value, which are known by

special names, come from India ; only in comparatively recent times, namely, about the

middle of the eighteenth century, have stones of remarkable size been found in Brazil, while

the discovery of the South African diamonds was still later. The South African deposits

have already yielded more large stones than are comprised in the aggregate yield of India

and Brazil during hundreds of years ; these stones are usually, however, of a yellowish tinge,

and are, in consequence, less highly valued than are the blue-white diamonds of India and

Brazil. Only a few of the many large stones which have been found in South Africa have, in

consequence, received distinctive names. The value of these rare stones is naturally enormous,

and they usually find a place amongst the crown jewels of different countries, rarely entering

the possession of private individuals except in the case of wealthy collectors, especially in

eastern countries.

The subject of famous diamonds is specially dealt with in a book entitled, The Great

Diamonds of the World (London, 1882), by Mr. E. W. Streeter ; also in Le Diamant (Paris,

1886), by Mons. E. Boutan, who has made a careful study of the tangled history of each

stone. Much of the information given in the account which follows has been derived from

these sources, as well as from older works. Most of the well-known famous diamonds are

figured in their cut condition and actual size in Plates X. and XI. ; the form of cutting

most general is that of the brilliant, but examples of other forms will be found.

A few of the large stones, of which accounts have been given, are very probably not

diamond at all, but some one of the minerals with which diamond is often confused. Among
these is, in all probability, the " Braganza,

11

which, if genuine, would rank as the largest of

known diamonds. This stone, which is the size of a hen's egg, and weighs 1680 carats,

came from Brazil, but the exact locality is unknown. It is preserved with the Portuguese

crown jewels, and is not available for detailed examination ; should it be proved to be topaz,

which is very probably what it is, its value, formerly placed at i?224-,000,000, would at once

sink to a comparatively insignificant amount.

Another large diamond, the genuineness of which is open to question, is a stone belonging

to the Rajah of Mattan, in Borneo ; it is known there as the "Danau Rajah,
11
but is generally

referred to as the " Mattan.
11

It weighs 367 carats, and, if a genuine diamond, is by far the

largest ever found in Borneo. It is pear-shaped, and about the size of a pigeon's egg, and is

said to have been found in 1787, in the district of Landak, in western Borneo ; the name
" Danau Rajah,

11

however, suggests the neighbourhood of the River Danau, in the south-east

of the island, as a more probable locality. The stone is said to have been examined at

Pontianak, in Borneo, in 1868, when it was declared to be rock-crystal ; this decision is

generally accepted, although it has been stated that an imitation, and not the real stone, was

submitted for examination.

The genuineness of the diamonds now to be described is unquestionable ; of these the

Indian stones will be first considered, and afterwards the Brazilian and the South African.
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The large Indian diamonds are often supposed to be of very ancient discovery, the

majority, however, probably do not date back to very early times. No definite information

can be gleaned from ancient writings, but it is a well-established fact that the diamonds in

the possession of the Romans were all of small size.

Probably the largest of Indian diamonds is the Great Mogul, the history of which

is very obscure. This was seen in the treasury of the Great Mogul, Aurungzebe, in 1665,

by Tavernier, who both drew and described the stone in detail. This diamond had then the

form of a very high and round rosette (Plate X., Fig. 2), and was of good water. It weighed

319| ratis, which Tavernier calculated to be equivalent to 280 carats, assuming 1 rati =

| carat. By authorities, who consider this value of the rati too high, the equivalent is given

as 188 carats. The rough stone is supposed to have been found between 1630 and 1650, in

the mines at Kollur, and to have originally weighed 787| carats, a weight which would make

it unquestionably tne largest of Indian diamonds.

The considerable disparity between the weight of the rough stone and its weight when

cut, has been attributed to the unskilful manner in which it was cut by Hortensio Borgis,

the Venetian diamond-cutter, who at that time was domiciled in India. The subsequent

history of the " Great Mogul " is a complete blank ; it has been variously supposed to have

been lost or destroyed, to be in existence under another name, such as the " Orloff'
11
diamond,

or the " Koh-i-noor,
11

to be in the possession of the Shah of Persia, or to be lying forgotten

among the jewels of some Indian prince.

Another large diamond of the same weight, namely, 320 ratis, is described in the

memoirs of Baber, the founder of the Mogul dynasty. According to this account the stone

had long been famous in India, and had formed part of the spoils of war of many an Indian

prince, finally passing into the possession of Baber in 1556. This stone is regarded by
Professor Story-Maskelyne as being identical with the diamond seen at Delhi, and described

as the " Great Mogul " by Tavernier, and identical with the stone at present known as the
" Koh-i-noor "; this view is very generally accepted.

The Koh-i-noor was appropriated in 1739 by Nadir Shah, the Persian conqueror of

the Mogul Empire ; in 1813 it passed into the possession of the Rajah of Lahore, and after

the British annexation of the Punjab, became the property of the East India Company,
which in 1850 presented it to Queen Victoria. The stone had then the form of an irregular

rosette (Plate X., Figs. 4a, 46), with numerous facets above, below a broad cleavage surface,

and on the side a second smaller cleavage surface. The weight of the Indian-cut stone was
186TV carats, which agrees closely with the weight of 320 ratis, recorded long before as the

weight of the stone described by Baber. In order to improve its form, which was very far

from perfect, it was re-cut in England in 1852 by the diamond-cutter, Voorsanger, of the

Amsterdam firm of Coster ; the work of re-cutting occupying thirty-eight days, of twelve

hours each.

The " Koh-i-noor " is now a stone of considerable beauty, weighing 106TV carats

;

its new form (Plate X., Figs. 5a, 5b, 5c,) is, however, too thin for a perfect brilliant

;

moreover, it is not of the purest water, and the colour is slightly greyish. In spite of these

blemishes it is valued at «£100,000. The question as to the identity of the " Great Mogul "

with the " Koh-i-noor " can scarcely now be decided. Tennant regarded them as identical,

and suggested that the "Koh-i-noor" and the "Orion*" are both parts of the rough stone
of 787|- carats, mentioned by Tavernier, and that the third and remaining portion of it is

the plate of diamond weighing 132 carats, often mentioned as having been taken by Abbas
Mirza with other jeweis from Reeza Kuli Khan at the capture of Coocha, in Khorassan.
Tennant constructed models of these separate portions in fluor-spar, a mineral which has the
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same octahedral cleavage as diamond, and by piecing the portions together arrived at the

conclusion that the rough stone had the size of a hen's egg, the form of a rhombic

dodecahedron, and a weight of about 793§ carats, which agrees closely with Tavernier's

account.

Opinions differ also as to the derivation of the name " Koh-i-noor," which is sometimes

said to signify " Mountain of Light," and is supposed to have been given to the stone by

Nadir Shah. It has also been supposed to be a corruption of Kollur, the locality at which

it was found, and the name by which it is said to have been formerly known in India.

The Orloff is the largest of the diamonds comprised in the Russian crown jewels, and

usually forms the termination of the imperial sceptre ; it is a stone of the finest water,

perfectly pure and with a brilliant lustre. In form (Plate X., Figs, la, lb, lc,) it is very

similar to that of Tavernier's drawing of the " Great Mogul," being an almost hemispherical

rosette bounded on the lower side by a cleavage surface, as was the case with the Indian-cut

" Koh-i-noor." Its height is 10 lines, its greatest diameter 15J lines, and its weight 194f
carats. This stone has had a chequered career ; it is said at one time to have formed one of

the eyes of an idol in the Brahmin temple on the island of Sheringham, in the Cauvery

river near Trichinopoly. It was stolen from here, at the beginning of the eighteenth century,

by a French soldier, passed into the hands of an English ship's captain, and so found its way

into Europe, and in 1791 was bought in Amsterdam (being on this account sometimes known

as the " Amsterdam " diamond) by Prince Orloff for the Empress Catharine II. of Russia

for the sum of 1,400,000 Dutch florins.

There is a story to the effect that this stone came into the possession of the Russian

crown through an Armenian, named Schafras ; this story probably, however, applies not to

the " Orloff" but to another large diamond in the Russian crown jewels, namely, the Moon
of the Mountains. This diamond, which weighs 120 carats, became the booty of

Nadir Shah, who used it for the adornment of his throne. At his assassination, it

was stolen with other jewels by an Afghan soldier, from whom it passed into the possession

of the Armenian Schafras. The latter sold it in 1775 to Catharine II. for 450,000 roubles,

an annuity of 4000 roubles, and letters of nobility.

The Polar Star, a beautiful brilliant of 40 carats (Plate XL, Fig. 15), also belongs to

the Russian crown, as does the peculiarly shaped stone known as the Shah. This latter

stone was presented in 1829 to the Czar Nicholas by the Persian prince, Chosroes, the

younger son of Abbas Mirza. It is of the purest water and in form a very irregular prism

(Plate X., Figs. 3a, 3b), 1 inch 5k lines long and 8 lines wide in the thickest part. The

boundaries of the stone are partlv cleavage faces and partly artificially cut facets ; on three

of the latter the names of three Persian kings are engraved, so that the " Shah" is one of

the few examples of engraved diamonds. Professor Gustav Rose, who saw the stone soon

after it was brought to St. Petersburg, gave the weight as 88 carats, but this does not agree

with a subsequent statement to the effect that the stone has been re-cut and its weight

reduced from 95 to 86 carats, the interesting inscriptions being lost in the process.

Another engraved diamond is the Akbar Shah, so called from its first possessor, the

Great Mogul, Akbar ; when in the possession of Jehan, Akbars successor, Arabic inscrip-

tions were engraved on two of its faces. It subsequently disappeared for a long period,

reappearing again in Turkey, under the name of the " Shepherd's Stone," comparatively

recently, and still recognisable as the " Akbar Shah " by its Arabic inscriptions. It at first

weighed 116 carats, but after re-cutting in 1866 its weight was reduced to 71 or 72 carats

and the inscriptions were lost in the process. In 1867 the stone was sold to the Gaikwar of

Baroda for <£35,000.
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Fig. 47. The "Great Table," a large

Indian diamond mentioned by Taverniei\

One of the largest of Indian diamonds is the Nizam, a stone of 277 carats, which has

been known only since 1835, and which is supposed to have been picked up by a child on

the ground in the neighbourhood of Golconda. This, however, is not the only version of

the discovery of this" stone, and its original weight has been placed at 440 carats ; it is

supposed to be at present in the possession of the Nizam of Haidarabad.

The Great Table, of Tavernier, was seen in 1642 at Golconda by this traveller, who

states that it weighed 242/q- carats, and that it was the largest diamond he had seen in

India in the hands of dealers. His offer of 400,000

rupees for the stone was rejected and, as in the case of

the 4
' Great Mogul,

1
''

its subsequent history is obscure.

The Shah of Persia is in the possession of two

large diamonds of which also verv little is known.

One of these, the Darya-i-noor (Sea of Light),

weighs 186 carats, and the other, Taj-e-mah
(Crown of the Moon), weighs 146 carats. Both are

of the purest water and cut as rosettes ; they were

formerly set in a pair of armlets which were valued

at one million sterling.

A large diamond of singular beauty, perhaps the most perfect of all, is the Regent or

Pitt, at present preserved with the French crown jewels. In its rough condition it was the

largest of all Indian diamonds, the genuineness of which is unquestionable. It was found in

1701 in the Partial mines on the river Kistna in southern India (or according to another

account in the Malay Peninsula), and was bought for i?20,400 by Governor Pitt of Fort St.

George, Madras. In 1717 it was acquired in its rough state by the Duke of Orleans, then

Regent of France, for 2,000,000 francs (^80,000). The operation of cutting was

performed in London ; it occupied two years and cost ^5000 ; the weight of the stone was

reduced from 410 to 136^£ carats, and the portions detached in the cuttings remained the

property of the former owner. The stone when cut (Plate XL, Figs. 8a, 8b, 8c), was a

brilliant of the most perfect form ; its colour, however, does not reach the same high standard

of perfection. In the valuation of the French crown jewels, made in 1791, this diamond was

stated to be worth 12,000,000 francs (^480,000). In 1792 it was stolen in company
with many other crown jewels, but was subsequently recovered, and after being pledged at

the time of the Revolution was redeemed by Napoleon. Being an object of general interest,

it was not disposed of with the other crown jewels, but has remained up to the present time

one of the most beautiful and valuable of the jewels belonging to the French nation.

The Florentine, " Grand Duke of Tuscany " or the " Austrian," is a large diamond

now in the treasury of the imperial palace at Vienna. It has the form of a briolette (Plate

XL, Figs. 10a, 106), with the facets arranged in nine groups radiating from the centre. Its

weight is 133i Vienna carats (27"454 grams), the weight of 139| carats, which is sometimes

given, being in the smaller Florentine carats. The stone though distinctly yellow in colour,

is beautifully clear and shows a fine fire. According to the usual but disputed account,

this stone was cut by L. van Berquen for Charles the Bold, who lost it on the battlefield of

Granson, where it was found by a Swiss soldier. After frequently changing hands, it passed

into the possession of the Grand Duke Francis Stephen of Tuscany, who brought it to

Vienna, its present resting-place.

The Sancy diamond, a stone of 53^|- carats, though much smaller is very similar in

form to the " Florentine," and is also stated to have been cut by L. van Berquen for Charles

the Bold. At the death of the latter, at the battle of Nancy in 1477, the stone is supposed
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to have been taken by a soldier to Portugal, where it was acquired by the French nobleman

de Sancy, who about 1600 sold it to Queen Elizabeth of England. It was carried back to

France by Henrietta Maria, the Queen of Charles I., and passed into the possession of

Cardinal Mazarin as a pledge. Together with seventeen other large diamonds it was left

by the latter to Louis XIV., and in the inventory, made in 1791, of the French crown jewels

was valued at 1,000,000 francs. At the time of the Revolution it was stolen in company

with the " Regent " (" Pitt "), but unlike the latter was not recovered. It reappeared ten

years later as the property of the Spanish crown ; from 1828 to 1865 it was in the possession

of Prince Demidoff, by whom it was sold for ^20,000. It is now said to be the property of

the Maharaja of Patiala, and so, after many vicissitudes, to have returned to the land of

its origin. So many stories are related of this stone that it seems not improbable that

the history of other large diamonds has been confused with that of the " Sancy." It was

exhibited at the Paris Exhibition of 1867, and is figured in Plate XI., Figs. 11«, lib.

The Nassak diamond derives its name from its long sojourn in the temple to Siva at

Nassak on the upper Godavari river. From the possession of the last independent Prince

of Peshawar, it passed in 1818 into the hands of the East India Company. At that time

it was of an unsym metrical cut-form and weighed 89\ carats ; the form in which it was

re-cut, namely, that of a triangular brilliant, is shown in Plate XI., Figs. 13a, 136, 13c. In

1831 it was bought for dP7200 by Emanuel, a London jeweller, who soon afterwards

disposed of it to the Duke of Westminister, in whose family it still remains.

The Empress Eugenie diamond is a beautiful brilliant of unknown origin,

weighing 51 carats. It was given by Catharine II. of Russia to her favourite, Potemkin,

in whose family it remained until it was acquired by Napoleon III. for a wedding-gift

to his bride Eugenie. After the dethronement of the latter it came into the possession

of the Gaikwar of Baroda in India.

The Pigott is a brilliant brought by Lord Pigott from India to England about

the year 1775, and afterwards disposed of to Ali Pasha, the Viceroy of Egypt. All

trace of this stone has since been lost, and, according to report, it has been destroyed.

Its weight is given by Mawe, who saw the stone shortly before it was sold to Ali Pasha,

.as 49 carats, but other values up to 81 \ carats have been given at various times.

The White Saxon Brilliant is one of the most beautiful of known diamonds ; it

is square in outline with an edge measuring 1TV inches in length, and weighs 48§ carats.

For this stone August the Strong is said lo have paid 1,000,000 thalers.

The Pasha of Egypt is a fine eight-sided brilliant of 40 carats, purchased by the

Viceroy Ibrahim of Egypt for i°28,000.

The comparatively small diamond known as the Star of Este surpasses in beauty

many of those already mentioned. Its intrinsic beauty is absolutely flawless, and the

brilliant form in which it is cut is as perfect. Its weight is 25-^f Vienna carats (5232

milligrams), only about half the weight, that is to say, of the "Empress Eugenie " or

the " Sancy " diamond. Compared with these stones, however, it does not appear sensibly

smaller, so perfect are its proportions and so regular the cutting It is at present in

the possession of the Archduke Franz Ferdinand of Austrian-Este, eldest son of the

Archduke Karl Ludwig. In 1876 it was valued at 64,000 Austrian florins, a former

valuation having been 200,000 to 250,000 francs.

Excluding the yellow South African diamonds, stones which combine large size with

beauty of colour are rare and are all of Indian origin. Of these the following are most

famous

:

The Hope Blue diamond is characterised not only by the possession of a beautiful
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sapphire-blue colour—an extremely rare tint in diamonds—but also by a brilliant lustre

and fine play of colours. Its existence has been known of since 1830, and it at one time

formed part of the famous collection of precious stones of Henry Philip Hope, who bought

it for =£18,000. It is a perfect brilliant weighing 44^ carats.

A beautiful blue, triangular brilliant of 67^ carats, and valued in 1791 at 3,000,000

francs, was preserved among the French crown jewels up to the year 1792, when it was

stolen, together with the " Regent " and others. It had been cut from a rough stone,

weighing 1 12-^ carats, brought from India by Tavernier for Louis XIV. There are

substantial grounds for the suggestion that when this brilliant was stolen it was divided,

and the portions re-cut and placed on the market about 1830 in a new form. It is very

possible that the " Hope Blue " diamond is one of these portions ; another being a stone of

13f carats of the same blue colour, and formerly in the possession of Duke Karl of

Brunswick, who sold it in 1874 in Geneva for 17,000 francs ; the third portion may be

identical with a stone of 1J carats of the same colour, once bought for i?300 and now
in the possession of an English family.

The Dresden Green diamond, preserved in the " Green Vaults " of Dresden, is the

most famous representative of stones of this colour. It is of a very fine clear apple-green,

intermediate between the colour of emerald and chrysoprase, perfectly transparent and

faultless in every way. It is almond-shaped in form, being 1^ inches long and f inch thick,

and weighs 40 carats, not, as is sometimes stated, 31 £ or 48 carats. Since 1743 it has been

the property of the Saxon crown, and 60,000 thalers is said to have been paid for it by
August the Strong.

Very few diamonds famous for their size have come from Brazil, the only important

exceptions being two stones found, in the 'fifties of the nineteenth century, in the district

of Bagagem, in the western part of Minas Geraes, both of which were acquired by the

Gaikwar of Baroda, a purchase which would seem to indicate that India can no longer

satisfy the taste of her native princes for gorgeous jewels.

The Star of the South, found at the end of July 1853, is one of these two famous

Brazilian diamonds. The rough stone, which was examined by the French mineralogist,.

b.

Fig. 48. "Star of the South." Two views of the rough stone. (Natural size.)

Dufrenoy, was described as being an irregular rhombic dodecahedron with convex faces

(Fig. 48), and as weighing 254| carats. The stone showed in a few places small octahedral

impressions of other diamonds, as if the larger diamond had once formed one of a group of

crystals ; in other places the octahedral cleavage was discernible. A few small black plates

enclosed in the stone have been considered to be ilmenite (titaniferous iron ore), since this

mineral has been shown to occur as an enclosure in diamond. The rough stone fetched

430 contos de reis, about i?40,000. It was cut in Amsterdam, and produced a beautiful

pure brilliant of 125 carats (Plate XL, Figs. 9a, 9b, 9c), which was bought by the Gaikwar

of Baroda for ,£80,000.

Mr. E. Dresden's diamond was found at the same place as the last-mentioned
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stone, and almost at the same time. It weighed, in the rough, 119J carats, and was

therefore smaller than the " Star of the South,
,, and its appearance suggested that it might

be a fragment of a larger crystal. It was transformed into an egg-shaped brilliant

(Plate X., Figs. 7&, lc) of 76| carats, the process of cutting not involving in this case a

very large loss of material.

It has already been mentioned that the supposed Jarge diamond, the "Braganza,"

came from Brazil. Some other large Brazilian diamonds have been mentioned above under

the description of Brazilian deposits, one of these being the large stone found at the

beginning of the nineteenth century on the Rio Abaete, in Minas Geraes, as to the history

of which nothing is known.

Only a few of the large diamonds which have been found in South Africa are

distinguished by special names. Some of these were discovered and named before the

comparative abundance of large stones in these deposits was known ; others, however, so far

surpass other large diamonds in size and beauty that it is only fitting that they should

receive distinctive names. Some of these diamonds have already been mentioned under the

description of the South African deposits.

The first large diamond found in this country was discovered in 1869 in the river

diggings, and is known as the Star of South Africa. It weighed, in the rough,

83J carats, and formed, when cut, an oval, three-sided brilliant (Plate XI., Fig. 14) of

46| carats of the purest water, comparable with the best Indian and Brazilian stones. It

was sold to the Countess of Dudley for nearly dP25,000, and is therefore sometimes referred

to as the " Dudley V)
diamond.

The Stewart, a much larger stone, was found in 1872 in the river diggings, known as

Waldeck"s Plant, on the Vaal. It weighed, in the rough, 288§ carats, and for many years

remained the largest of Cape diamonds. The rough stone was first disposed of for £6000,

but on again changing hands made <£
J9000 ; it gave a slightly yellowish brilliant of

120 carats (Plate X., Fig. 6).

The Porter Rhodes diamond was found at Kimberley on February 12, 1880. Its

weight in the rough has been variously given at 150 and 160 carats. It is a perfectly

colourless blue-white stone, and, on the whole, may be considered to surpass all other

South African diamonds in beauty. It was valued by its owner at ^200,000.

Fig. 49. " Victoria " diamond of 457£ carats from Fig. 50. Outline of a diamond of 428£ carats from

South Africa. (Actual size.) South Africa. (Actual size.)

A stone of 457i carats, from the South African deposits, reached Europe in 1884, of

which nothing as to its exact origin is known. The rough stone, which had the form of
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Fig. 51. Largest known diamond, the

"Excelsior," weight 971| carats. From
the Jagersfontein mine in South Africa.

(Actual size.)

an irregular octahedron, is shown in its actual size in Fig. 49. A very beautiful colourless

brilliant of 18 carats was cut from it, which is variously known as the Victoria,
" Imperial," or " Great White," and is valued at

,£200,000.

The largest brilliant, the genuineness of which is.

unquestionable, is one of 288^ carats, which was cut

from a stone of 428^ carats found on March 28, 1880,

in the De Beers mine. This was yellowish in colour

and had the form of a fairly regular octahedron, the

outline of which is shown in Fig. 50 in its actual size.

In the direction of its longest axis it measured If inches.

Another large diamond, which weighed in the rough

655 carats, was found in the Jagersfontein mine at the

end of the year 1895.

The largest of all known diamonds is the Excel-
sior, afterwards called the " Jubilee," in honour of the

celebration of the .sixtieth anniversary of the accession

of Queen Victoria. The rough stone is represented in

its actual size and form in Fig. 51. It came from

the Jagersfontein mine in Orange River Colony, and

weighed 971 f carats, measuring 2£ inches in length,

2 inches in breadth, and 1 inch in thickness, thus surpassing

in size even the " Great Mogul,"" which in its rough condition

is supposed to have weighed 787£ carats. It was found

on June 30, 1893, by a Kaffir, who received as a reward £500

in money and a horse equipped with saddle and bridle. It is

said that an agreement existed between the mine-owners and

certain diamond merchants by which the latter were to purchase

every stone found in the mine during a certain period at a

uniform price per carat. This period ended on June 30, and

the " Excelsior " was one of the last stones to be found on that

day, so that the mine-owners instead of the merchants came very

near to profiting by this lucky find. The stone is of a beautiful

blue-white colour and of the purest water, and has been valued

by different experts at amounts which vary between =£50,000

and =£1,000,000 ; the latter value, however, seems somewhat

prohibitive. The rough stone, though of such perfection

of colour, lustre, and water, had a black spot near the centre

of its mass which had to be removed by cleaving the stone

in two. From the larger portion was cut an absolutely perfect

brilliant weighing 239 international carats of 205 milligrams,

and measuring If inches in length, If in breadth, and 1 inch

in depth.

The orange-yellow Tiffany Brilliant, now in the posses-

sion of the Tiffany Company of New York, is also a Cape

diamond. It is one of the finest of yellow diamonds, and at

the present time is the largest brilliant in America, weighing 125£ carats. The form

of the stone can be seen in Fig. 52 in its actual size.

Fig. 52. The " Tiffany Bril-

liant," 125£ carats. (Actual

size.)
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5. VALUE Or DIAMONDS.

The valuation of a diamond, involving as it does a nice appreciation of the defects and of

the good points of the stone, and the striking of a just balance between the two, is a matter

of no little difficulty, and can only be performed with accuracy and rapidity by an expert.

In this section we shall confine ourselves to a consideration of the value of diamonds which

are to be used as gems, neglecting those to be applied to technical purposes, the value of

which depends on the weight and the current market price.

Of all the characters which help to determine the value of a diamond there is perhaps

none more potent than that of size. Other things being equal, the larger the diamond the

greater its value, and, moreover, the ratio of progression in price is greater than that of

progression in weight, owing to the comparative rarity of large stones. Since the discovery

of the South African deposits, however, this disparity has been less marked, and the value

of stones not exceeding a certain size and which are of frequent occurrence, is influenced to

a large extent by the exigencies of the trade. Exceptionally large and beautiful stones, the

so-called solitaires, paragons, or nonpareils, have, corresponding to the rarity of their

occurrence, an exceptional value, which is subject to no rules and is governed solely by the

special circumstances of the case.

The value of a diamond depends very largely upon the form in which it is cut.

Although during the process of cutting the weight of a rough stone is reduced by one half

or even more, yet its intrinsic value is greater than before, on account of the almost

immeasurable improvement in its appearance effected by the faceting. The brilliant is by

far the most effective form of cutting, and at the same time is the form which involves the

greatest expenditure of skill in the cutting, hence a brilliant-cut diamond commands a higher

price than a rose or indeed any other form. Among brilliants themselves different degrees

are recognisable, a stone which is correctly proportioned and which bears a large number of

facets having a greater value than one less admirable in these respects. A brilliant which

possesses no cross facets, the large facets being produced until they meet in the girdle, is

described as being " once formed "
; while the terms " twice formed " and " thrice formed "

are applied respectively to stones which bear cross facets only below the girdle, and to those

which possess these facets both above and below the girdle. The value of a brilliant,

therefore, is the greater the more complex is its form of cutting, and in the same way the

value of stones cut in any of the other forms varies with the symmetry and completeness of

that form. A perfect brilliant of one carat has at least four times the value of a rough

stone of the same weight and quality, and five-fourths the value of a rose of this size and

quality.

The value of a rough stone also is influenced to a certain extent by its form, for, as we

have seen, stones whose form in the rough approximates most nearly to that of the cut stone

are most favourable for cutting. Thus octahedral and rhombic dodecahedral crystals can be

fashioned into brilliants with less labour and loss of material than is the case with irregularly

shaped stones, which often need considerable preliminary shaping, if not actual division into

portions suitable for cutting. Among such stones must be included flat specimens, like the

twinned crystals shown in Fig. 31, g* and h, which cannot be cut ns brilliants and are suitable

only for cutting as roses. Another property which greatly facilitates the process of cutting

is that of cleavage ; a simple crystal, from which the cleavage octahedron can be readily

developed, is therefore far more desirable than a twinned crystal, such as is shown in Fig. 31 i,

or an irregular crystal group which, as often as not, can be utilised only as bort.

The value of a diamond depends most of all, however, on the degree of its transparency,
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clearness, and purity, the colour it possesses, and its freedom from flaws. Of these qualities

transparency and clearness stand first in importance, and the possession of these qualities in

perfection renders a diamond extremely valuable.

Those faults which impair the transparency and lustre of a stone diminish its value

very considerably. Large enclosures of black, brown, or of some other colour are frequently

seen, as are also enclosures of " sand " and " ash," and yellow spots technically known as

" straw." A fine surface polish over certain areas of a stone is often made impossible by the

presence of white, grey, or brown "clouds" or by "icy flakes" of no definite colour, which

are developed when the stone is allowed to become over-heated during the process of

grinding. The existence of internal cracks following the direction of cleavage, and known as

"feathers," not only impairs the transparency of the stone, but also renders it liable to

fracture during the process of grinding or when in use as an ornament. All these faults,

even if insignificant in extent, become very obvious in the cut stone, numerous images of them

being reflected into the eye of the observer from the various facets of the stone. Should

they be present in large numbers the stone is not worth cutting, but is regarded as bort.

With regard to the colour of diamonds, stones which are perfectly colourless and

water-clear are, as a rule, most highly prized, the so-called blue-white quality, which is more

rare in stones from the Cape than in those from India or Brazil, being specially admired.

Even a trace of colour, so small as to be indistinguishable to an unpractised eye, lowers the

value of a stone very considerably, the diminution in value being still greater when the

colour is more perceptible. Of coloured diamonds, those displaying tones of blue, grey, red,

and yellow are preferred to those which are coloured brown or black. A coloured diamond
which is lacking in transparency is of very much less value than one of the same colour

which is clear and transparent.

Those diamonds which, in addition to perfect transparency and clearness, possess a

pronounced and beautiful colour, are on account both of their rarity and beauty very highly

esteemed, and always command a much higher price than the most perfect of colourless

specimens. Among these so-called "fancy stones," red, blue, green, and yellow specimens

are included, the last-named, however, since the discovery of the Cape deposits, are by far

the most common. Compared with colourless diamonds, coloured specimens exist in quite

insignificant numbers.

Diamonds showing different degrees of transparency and clearness and freedom from

faults are usually classified as stones of the first, second, and third water, and are valued

accordingly. Stones of thefirst water (1st quality) are perfectly colourless, transparent, and
water-clear ; they are free from any fault or blemish or tinge of colour and stand first in

point of value. Colourless stones showing insignificant faults, or stones which are free

from faults, but tinged with colour, are placed in the second division and referred to as

stones of the second ivater ; while stones of the third water display very obvious faults or a

colour of undesirable depth. A further division of the stones of the latter description is

sometimes made, and in this class are placed the smallest diamonds which can be used as

gems. It is by no means easy, however, in every case to place any given stone without

hesitation in one or other of these three or four classes, and it may often be observed that a

stone referred to as being of the second water by one jeweller will be placed in the first class

by another. Generally speaking, it may be said that a brilliant of the second water has

only about two-thirds of the value of a similar gem of the first water ; while the values of

two roses of the first and second qualities are in the ratio of four to three.

Taking the value of a brilliant of the first water as unity, that of a similar brilliant of

the second water will be #, while the values of roses of the first and second water will be
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expressed by the fractions -§- and
-f

. It may be remarked here that it is almost impossible

to classify rough stones in this way, since the qualities on which the classification depends

are not sufficiently obvious until the stone has been cut.

It appears from the writings of Pliny, that among the ancients the diamond was

regarded as the most costly of precious stones, and indeed of all personal possessions 4

Such, however, is not the case at the present time, for the price of a colourless diamond

of good size is always exceeded by that of a ruby of the same size, and generally also by

that of an emerald, or even of a blue sapphire if of special beauty. This, of course, does

not apply to the few diamonds which possess a fine colour in addition to their other

beautiful qualities, the price of such stones being more or less prohibitive.

While the relative value of diamonds of different qualities changes but little, the

absolute prices paid depend on a variety of conditions and are subject to considerable

fluctuation.

The earliest record in existence of the price of a diamond is that made by the Arabian

Teifaschius, who, in the twelfth century, valued a 1 carat diamond at 2 dinar (about £6).

In the year 1550, Benvenuto Cellini placed the value of a beautiful stone of the same weight

at 100 golden scudi, a sum which is stated by Schrauf to be equivalent to 200 Austrian

florins (£20), and by Boutan to 1100 francs (i?44). This latter value is abnormally high,

and is probably based on an incorrect estimate of the value of the scudi. In 1609 Boetius

de Boot gave the value of the carat-stone at 130 ducats (about £%%), while the price

mentioned in the anonymous work, The History of' Jewels, published in London in 1672,

is from 40 to 60 crowns (£8 to «£
)

12). This large fall in the value of the diamond is

probably to be attributed to the effects of the Thirty Years War. According to Tavernier,

the price of a carat-stone in 1676 was £8, and this statement is confirmed by contemporary

writers both in Holland and at Hamburg. The price of rough diamonds had sunk, in 1733

to £1 per carat, but this fall was due to the panic which followed the discovery of diamonds

in Brazil. In the next year the price of the carat-stone had risen to £1 10s., at which it

stood for several years subsequently. In 1750 the famous London jeweller, David Jeffries,

the author of a Treatise on Diamonds and Pearls, records the value of a fine one-carat cut

stone at =£8, which is the same as the value given by Tavernier in 1676. In a work on

precious stones, entitled Der aufrichtige Jubelier, published at Frankfurt-on-the-Main in

1772, the high price of 120 thalers (i?18) is mentioned for a stone of the same description.

At the time of the French Revolution prices fell very considerably, and as far as can

be ascertained from the valuation of the French crown jewels and from the prices fetched

by the many less valuable stones which changed hands at this time, it would seem that in

1791 a one-carat cut stone would fetch no more on an average than £6. When more

settled times came, however, and Napoleon's luxurious court was established, the price

again rose, and in 1832 £9 could be obtained for a one-carat brilliant, and rough stones of

a quality suitable for cutting fetched 42s. to 48s. or even i?3 per carat. Later on still, in

the year 1859, rough stones of the same description were worth from £4< to £5 5s. per

carat, while in 1860 and 1865 £13 to i?18 was paid for a one-carat cut stone.

In the year 1869, shortly before the Cape diamonds came on the market, the following

prices, according to Schrauf, were current : rough stones suitable for cutting, and similar to

those which come in large parcels from the countries in which they are mined, cost £5 per

carat ; parcels of stones, the larger proportion of which could be used only as bort, made
£1 to £2 per carat ; while parcels containing nothing but bort were sold for 4s. to 6s.

per carat. The prices recorded for cut stones show the importance which was attached not

only to the quality of a stone but also to the form and manner in which it had been cut.
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A one-carat brilliant of the first water was worth £20 to i?£5, one of the second water i?15,

while one-carat roses of the first water were worth only £15 to i?18 ; a brilliant of \ carat

would fetch £6, one of f carat £12, and one of ^ carat £1 ; for small roses, of which

50 go to the carat, £15 per carat was paid; very small roses of about 1000 to the carat

cost about 6d. each. Only at most prosperous times, in the sixteenth and at the beginning

of the seventeenth centuries, were such high prices paid as were current for diamonds in

1869. In the following table, compiled by L. Dieulafait, may be seen the prices in francs

(25 francs = =£1) which were paid for brilliants of 1 to 5 carats in the years 1606, 1750,

1865, and 1867. The prices current in the year 1878, which are given further on, are

incorporated in this table in order to show the fall which took place in consequence of the

discovery of the South African diamond-fields, and which followed a steady rise in the years

1867 to 1869.

Brilliant of 1606. 1750. 1865. 1867. 1878.

1 carat 545 202 453 529 110

2 „ 2182 807 1639 2017 350

3 „ 4916 1815
. 3151 3529 625

4 „ 6554 2470 — — 975

5 „ 8753 5042 8067 8823 1375

The prices current for brilliants of ordinary size at the end of the 'seventies is best seen

from the following table, which was compiled by Vanderheym, on behalf of the syndicate of

Parisian jewellers, for the Paris Exhibition of 1878. Two brilliants of weights from

^ to 12 carats and of four qualities were exhibited, and the prices in francs given in the

table are for the pair of stones :

Weight in carats. 1st quality. 2nd quality. 3rd quality. 4th quality.

1 220 180 150 120

H 400 300 250 200

2 700 600 480 400

2* 950 800 625 525

3 1250 1020 780 660

3* 1600 1225 945 720

4 1950 1440 1120 960
41 2350 1642 1305 1080

5 2750 1900 1500 1250

5£ 3250 2117 1705 1430

6 3700 2340 1920 1620

6| 4250 2567 2112 1820

7 5000 2765 2310 1995
71*2 5800 3000 2550 2175

8 6700 3240 2800 2360

8* 7600 3485 3060 2550

9 8500 3735 3330 2700

9£ 9400 3990 3562 2897

10 10300 4250 3800 3050

10| 11400 4515 4042 3255

11 12500 4840 4290 3465

111 13700 5175 4600 3737

12 15000 5400 4800 3900
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The prices given in the above table of course apply only to the time at which it was

compiled. A striking feature of the table is the difference which exists between the prices

of stones of the same weight but of different qualities, especially in the case of stones of the

first and second waters. The difference between the value of a 1-carat stone of the first

water and one of the second water is much greater than between stones of the second and

third waters, and in larger stones the difference is still greater. Thus a 1 2-carat stone of

the first water is worth almost three times as much as a stone of equal weight of the second

water, the values of stones of this size of the second and third quality being in the ratio of

nine to eight. The explanation of the apparent anomaly lies in the fact that in the Cape

deposits large diamonds of the first water are rare, while stones of large size but inferior

quality are abundant.

A consideration of the table will also show to what a small extent the values of

diamonds at the present day are in agreement with the so-called Tavernier's rule, according

to which the value of a stone is proportional to the square of its weight. While the

value of a 1 2-carat stone of the first quality would be, according to Tavernier's rule,

110 x 12 x 12 = 15,840 francs, its actual value in 1878, according to the table, was 7500

francs, or not quite half. The application of the rule to smaller stones results in a

calculated value which is still further removed from the actual value ; thus the value of a

6-carat diamond of the first water calculated by this rule would be 110 x 6 X 6 = 3960

francs, while it is actually worth but 1850 francs. At the present time, this tendency is

even more marked than it was in 1878 ; the value of stones up to 15 carats is approximately

proportional to their weight, so that a 2-carat stone is worth about double, and a 3-carat

stone about three times as much as a 1 -carat diamond. This holds good, at any rate,

for the three inferior qualities of stones, but in the case of diamonds of the first water the

increase in value is not proportional to the increase of weight.

The price of a 1 2-carat stone of the first water calculated by Schraufs rule, according

to which the value of a 1-carat stone is multiplied by the product of half the weight of the

stone into its weight plus 2, would be 110 x 6 x 14= 9240 francs, the tabulated value

being 7500 francs ; the value thus calculated, although nearer the mark than in the former

case, is dill considerably too much. As in the case with Tavernier's rule, the values

calculated by Schraufs rule for smaller stones are still further from their actual value, the

calculated worth of a 6-carat stone being 110 x 3 X 8 = 2640 francs while it is actually

worth but 1850 francs. At the present time the market price of a fine 1-carat brilliant is

£15 ; in exceptional cases, however, i?20 to i?25 may be given for such a stone.

The price of stones of exceptional size, that is of those weighing anything over 12

carats, is not governed by rule, and depends very much on what a rich person or State is

disposed to give for them. Diamonds of exceptional size and of unusual colours are not

common articles of commerce, and their price, while always, of course, very high, depends

on the number of would-be purchasers which can be found for them.

With regard to the prices current for smaller diamonds, it is impossible to say much
more than has been already said, for, after all, the value of stones of ordinary size depends

to a very large extent on their quality. The price of cut gems and of rough stones always

differs very widely ; the latter are not, as a rule, bought and sold singly but come into the

markets in large parcels, those from the Cape being carefully sorted and arranged according

to quality, while parcels from Brazil consist of unsorted stones of all qualities.
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6. IMITATION AND COUNTERFEITING.

Attempts have often been made by unprincipled dealers to pass off' stones of little value

or worthless imitations as genuine diamonds. The gems of inferior value most frequently

used for this purpose are colourless topaz, zircon rendered colourless by heating, white

sapphire, spinel, beryl, tourmaline, phenakite, and even rock-crystal and other minerals.

In all these stones, however, the beautiful play of prismatic colours so characteristic of the

diamond is far less marked, as is also, except, perhaps, in the case of colourless zircon,

the peculiarly high lustre of the diamond. No one in the least degree familiar

with the appearance of the diamond would for a moment confuse it with any of the

stones just mentionsd. Among the physical characters by which the diamond may be

distinguished from other colourless gems are hardness, specific gravity, and refraction of

light, the spinel alone of the minerals mentioned above being singly refracting like the

diamond. The diamond is much less frequently confused with coloured than with

colourless gems.

In absence of colour, in transparency, lustre, and play of prismatic colours, some kinds

of glass, especially strass, resemble the diamond with astonishing closeness. This material

is, therefore, largely used in the manufacture of imitation diamonds, and so closely does the

appearance of a piece of freshly-cut strass simulate that of a genuine diamond that it is

possible even for an expert to be deceived. The genuineness, or otherwise, of such a stone

can, however, be easily and conclusively proved by a simple test of the hardness with a steel

point or file.

The construction of so-called doublets for the purpose of deception is by no means

infrequent. In such cases the upper portion of the brilliant is of diamond, while the lower

is of glass or of some colourless stone such as white sapphire. The device by which the

yellow tinge of a diamond is temporarily concealed, namely, by applying a thin coating of

some blue substance, has been already referred to. The play of prismatic colours,

characteristic of the diamond, is imitated with a certain amount of success by painting

the under side of the counterfeit stone. Articles of this description, known as irises, have

found a ready sale, without any attempt at passing them off for anything other than what

they are.
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CELESTIAL OBJECTS FOR COMMON TELESCOPES, T. W. Webb. The
most used book in amateur astronomy: inestimable aid for locating and
identifying nearly 4,000 celestial objects. Edited, updated by Margaret W.
Mayall. 77 illustrations. Total of 645pp. 5% x 8%.

20917-2, 20918-0 Pa., Two-vol. set $9.00

HISTORICAL STUDIES IN THE LANGUAGE OF CHEMISTRY, M. P.

Crosland. The important part language has played in the development of

chemistry from the symbolism of alchemy ta the adoption of systematic

nomenclature in 1892. ".
. . wholeheartedly recommended,"—Science. 15

illustrations. 416pp. of text. 5% x 8y4 . 63702-6 Pa. $6.00

BURNHAM'S CELESTIAL HANDBOOK, Robert Burnham, Jr. Thorough,

readable guide to the stars beyond our solar system. Exhaustive treatment,

fully illustrated. Breakdown is alphabetical by constellation: Andromeda
to Cetus in Vol. 1; Chamaeleon to Orion in Vol. 2; and Pavo to Vulpecula

in Vol. 3. Hundreds of illustrations. Total of about 2000pp. 6% x 9*4.

23567-X, 23568-8, 23673-0 Pa., Three-vol. set $27.85

THEORY OF WING SECTIONS: INCLUDING A SUMMARY OF AIR-
FOIL DATA, Ira H. Abbott and A. E. von Doenhoff. Concise compilation

of subatomic aerodynamic characteristics of modern NASA wing sections,

plus description of theory. 350pp. of tables. 693pp. 5% x 8^.
60586-8 Pa. $8.50

DE RE METALLICA, Georgius Agricola. Translated by Herbert C. Hoover
and Lou H. Hoover. The famous Hoover translation of greatest treatise on
technological chemistry, engineering, geology, mining of early modern
times (1556). All 289 original woodcuts. 638pp. 6% x 11.

60006-8 Clothbd. $17.95

THE ORIGIN OF CONTINENTS AND OCEANS, Alfred Wegener. One
of the most influential, most controversial books in science, the classic

statement for continental drift. Full 1966 translation of Wegener's final

(1929) version. 64 illustrations. 246pp. 5% x 8%. 61708-4 Pa. $4.50

THE PRINCIPLES OF PSYCHOLOGY, William James. Famous long

course complete, unabridged. Stream of thought, time perception, memory,
experimental methods; great work decades ahead of its time. Still valid,

useful; read in many classes. 94 figures. Total of 1391pp. 5% x 8%.
20381-6, 20382-4 Pa., Two-vol. set $13.00
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HISTORY OF BACTERIOLOGY, William Bulloch. The only compre-

hensive history of bacteriology from the beginnings through the 19th cen-

tury. Special emphasis is given to biography-Leeuwenhoek, etc. Brief

accounts of 350 bacteriologists form a separate section. No clearer, fuller

study, suitable to scientists and general readers, has yet been written. 52

illustrations. 448pp. 5% x 8y4 .
23761-3 Pa. $6.50

THE COMPLETE NONSENSE OF EDWARD LEAR, Edward Lear. All

nonsense limericks, zany alphabets, Owl and Pussycat, songs, nonsense

botany, etc., illustrated by Lear. Total of 321pp. 5% x 8^. (Available

in U.S. only) 20167-8 Pa. $3.95

INGENIOUS MATHEMATICAL PROBLEMS AND METHODS, Louis

A. Graham. Sophisticated material from Graham Dial, applied and pure;

stresses solution methods. Logic, number theory, networks, inversions, etc.

237pp. 5% x 8Y2 . 20545-2 Pa. $4.50

BEST MATHEMATICAL PUZZLES OF SAM LOYD, edited by Martin
Gardner. Bizarre, original, whimsical puzzles by America's greatest puzzler.

From fabulously rare Cyclopedia, including famous 14-15 puzzles, the

Horse of a Different Color, 115 more. Elementary math. 150 illustrations.

167pp. 5% x 8y2 . 20498-7 Pa. $2.75

THE BASIS OF COMBINATION IN CHESS, J. du Mont. Easy-to-follow,

instructive book on elements of combination play, with chapters on each

piece and every powerful combination team—two knights, bishop and
knight, rook and bishop, etc. 250 diagrams. 218pp. 5% x 8*&. (Available

in U.S. only) - 23644-7 Pa. $3.50

MODERN CHESS STRATEGY, Ludek Pachman. The use of the queen,

the active king, exchanges, pawn play, the center, weak squares, etc.

Section on rook alone worth price of the book. Stress on the moderns.

Often considered the most important book on strategy. 314pp. 5% x 8%.
20290-9 Pa. $4.50

LASKER'S MANUAL OF CHESS, Dr. Emanuel Lasker. Great world

champion offers very thorough coverage of all aspects of chess. Combina-

tions, position play, openings, end game, aesthetics of chess, philosophy of

struggle, much more. Filled with analyzed games. 390pp. 5% x 8Y2.

20640-8 Pa. $5.00

500 MASTER GAMES OF CHESS, S. Tartakower, J. du Mont. Vast

collection of great chess games from 1798-1938, with much material no-

where else readily available. Fully annoted, arranged by opening for

easier study. 664pp. 5% x 8%. 23208-5 Pa. $7.50

A GUIDE TO CHESS ENDINGS, Dr. Max Euwe, David Hooper. One
of the finest modern works on chess endings. Thorough analysis of the

most frequently encountered endings by former world champion. 331

examples, each with diagram. 248pp. 5% x 8%. 23332-4 Pa. $3.75
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DRAWINGS OF WILLIAM BLAKE, William Blake. 92 plates from

Book of Job, Divine Comedy, Paradise Lost, visionary heads, mythological

figures, Laocoon, etc. Selection, introduction, commentary by Sir Geoffrey

Keynes. 178pp. 8% x 11. 22303-5 Pa. $4.00

ENGRAVINGS OF HOGARTH, William Hogarth. 101 of Hogarth's

greatest works: Rake's Progress, Harlot's Progress, Illustrations for Hudihras,

Before and After, Beer Street and Gin Lane, many more. Full commentary.

256pp. 11 x 13%. 22479-1 Pa. $12.95

DAUMIER: 120 GREAT LITHOGRAPHS, Honore Daumier. Wide-ranging

collection of lithographs by the greatest caricaturist of the 19th century.

Concentrates on eternally popular series on lawyers, on married life, on
liberated women, etc. Selection, introduction, and notes on plates by
Charles F. Ramus. Total of 158pp. 9% x 12y4 . 23512-2 Pa. $6.00

DRAWINGS OF MUCHA, Alphonse Maria Mucha. Work reveals drafts-

man of highest caliber: studies for famous posters and paintings, render-

ings for book illustrations and ads, etc. 70 works, 9 in color; including 6
items not drawings. Introduction. List of illustrations. 72pp. 9% x 12*4.

(Available in U.S. only) 23672-2 Pa. $4.00

GIOVANNI BATTISTA PIRANESI: DRAWINGS IN THE PIERPONT
MORGAN LIBRARY, Giovanni Battista Piranesi. For first time ever all

of Morgan Library's collection, world's largest. 167 illustrations of rare

Piranesi drawings—archeological, architectural, decorative and visionary.

Essay, detailed list of drawings, chronology, captions. Edited by Felice

Stampfle. 144pp. 9% x 12y4 . 23714-1 Pa. $7.50

NEW YORK ETCHINGS (1905-1949), John Sloan. All of important

American artist's N.Y. life etchings. 67 works include some of his best

art; also lively historical record—Greenwich Village, tenement scenes.

Edited by Sloan's widow. Introduction and captions. 79pp. 8% x 11%.
23651-X Pa. $4.00

CHINESE PAINTING AND CALLIGRAPHY: A PICTORIAL SURVEY,
Wan-go Weng. 69 fine examples from John M. Crawford's matchless private

collection: landscapes, birds, flowers, human figures, etc., plus calligraphy.

Every basic form included: hanging scrolls, handscrolls, album leaves, fans,

etc. 109 illustrations. Introduction. Captions. 192pp. 8 7
/s x 11%.
23707-9 Pa. $7.95

DRAWINGS OF REMBRANDT, edited by Seymour Slive. Updated Lipp-

mann, Hofstede de Groot edition, with definitive scholarly apparatus. All

portraits, biblical sketches, landscapes, nudes, Oriental figures, classical

studies, together with selection of work by followers. 550 illustrations.

Total of 630pp. 9y8 x 12

y

4 . 21485-0, 21486-9 Pa., Two-vol. set $15.00

THE DISASTERS OF WAR, Francisco Goya. 83 etchings record horrors

of Napoleonic wars in Spain and war in general. Reprint of 1st edition, plus

3 additional plates. Introduction by Philip Hofer. 97pp. 9% x 8%.
21872-4 Pa. $4.00
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THE SENSE OF BEAUTY, George Santayana. Masterfully written dis-

cussion of nature of beauty, materials of beauty, form, expression; art, litera-

ture, social sciences all involved. 168pp. 5% x 8Y2. 20238-0 Pa. $3.00

ON THE IMPROVEMENT OF THE UNDERSTANDING, Benedict

Spinoza. Also contains Ethics, Correspondence, all in excellent R. Elwes
translation. Basic works on entry to philosophy, pantheism, exchange of

ideas with great contemporaries. 402pp. 5% x 8V2. 20250-X Pa. $4.50

THE TRAGIC SENSE OF LIFE, Miguel de Unamuno. Acknowledged
masterpiece of existential literature, one of most important books of 20th

century. Introduction by Madariaga. 367pp. 5% x 8%.
20257-7 Pa. $4.50

THE GUIDE FOR THE PERPLEXED, Moses Maimonides. Great classic

of medieval Judaism attempts to reconcile revealed religion (Pentateuch,

commentaries) with Aristotelian philosophy. Important historically, still

relevant in problems. Unabridged Friedlander translation. Total of 473pp.

5% x 8%. 20351-4 Pa. $6.00

THE I CHING (THE BOOK OF CHANGES), translated by James Legge.

Complete translation of basic text plus appendices by Confucius, and
Chinese commentary of most penetrating divination manual ever prepared.

Indispensable to study of early Oriental civilizations, to modern inquiring

reader. 448pp. 5% x 8y2 . 21062-6 Pa. $5.00

THE EGYPTIAN BOOK OF THE DEAD, E. A. Wallis Budge. Complete
reproduction of Ani's papyrus, finest ever found. Full hieroglyphic text, in-

terlinear transliteration, word for word translation, smooth translation.

Basic work, for Egyptology, for modern study of psychic matters. Total of

533pp. 6% x 9y4 . (Available in U.S. only) 21866-X Pa. $5.95

THE GODS OF THE EGYPTIANS, E. A. Wallis Budge. Never excelled

for richness, fullness: all gods, goddesses, demons, mythical figures of

Ancient Egypt; their legends, rites, incarnations, variations, powers, etc.

Many hieroglyphic texts cited. Over 225 illustrations, plus 6 color plates.

Total of 988pp. GVa x 9y4 . (Available in U.S. only)

22055-9, 22056-7 Pa., Two-vol. set $16.00

THE STANDARD BOOK OF QUILT MAKING AND COLLECTING,
Marguerite Ickis. Full information, full-sized patterns for making 46 tra-

ditional quilts, also 150 other patterns. Quilted cloths, lame, satin quilts,

etc. 483 illustrations. 273pp. 6 7/8 x 9%. 20582-7 Pa. $4.95

CORAL GARDENS AND THEIR MAGIC, Bronsilaw Malinowski. Classic

study of the methods of tilling the soil and of agricultural rites in the

Trobriand Islands of Melanesia. Author is one of the most important figures

in the field of modern social anthropology. 143 illustrations. Indexes. Total

of 911pp. of text. 5% x 8Y4. (Available in U.S. only)

23597-1 Pa. $12.95
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SECOND PIATIGORSKY CUP, edited by Isaac Kashdan. One of the

greatest tournament books ever produced in the English language. All 90

games of the 1966 tournament, annotated by players, most annotated by

both players. Features Petrosian, Spassky, Fischer, Larsen, six others.

228pp. 53/8 x 8y2 . 23572-6 Pa. $3.50

ENCYCLOPEDIA OF CARD TRICKS, revised and edited by Jean Hugard.

How to perform over 600 card tricks, devised by the world's greatest

magicians: impromptus, spelling tricks, key cards, using special packs,

much, much more. Additional chapter on card technique. 66 illustrations.

402pp. 53/8 x 8y2 . (Available in U.S. only) 21252-1 Pa. $4.95

MAGIC: STAGE ILLUSIONS, SPECIAL EFFECTS AND TRICK PHO-
TOGRAPHY, Albert A. Hopkins, Henry R. Evans. One of the great classics;

fullest, most authorative explanation of vanishing lady, levitations, scores

of other great stage effects. Also small magic, automata, stunts. 446 illus-

trations. 556pp. 5% x 8%. 23344-8 Pa. $6.95

THE SECRETS OF HOUDINI, J. C. Cannell. Classic study of Houdini's

incredible magic, exposing closely-kept professional secrets and revealing,

in general terms, the whole art of stage magic. 67 illustrations. 279pp.

5% x 8%. 22913-0 Pa. $4.00

HOFFMANN'S MODERN MAGIC, Professor Hoffmann. One of the best,

and best-known, magicians' manuals of the past century. Hundreds of

tricks from card tricks and simple sleight of hand to elaborate illusions

involving construction of complicated machinery. 332 illustrations. 563pp.
5% x 8%. 23623-4 Pa. $6.00

MADAME PRUNIER'S FISH COOKERY BOOK, Mme. S. B. Prunier.

More than 1000 recipes from world famous Prunier's of Paris and London,
specially adapted here for American kitchen. Grilled tournedos with

anchovy butter, Lobster a la Bordelaise, Prunier's prized desserts, more.

Glossary. 340pp. 5% x 8Y2 . (Available in U.S. only) 22679-4 Pa. $3.00

FRENCH COUNTRY COOKING FOR AMERICANS, Louis Diat. 500
easy-to-make, authentic provincial recipes compiled by former head chef

at New York's Fitz-Carlton Hotel: onion soup, lamb stew, potato pie, more.

309pp. 53/s x 8Y2 . 23665-X Pa. $3.95

SAUCES, FRENCH AND FAMOUS, Louis Diat. Complete book gives over

200 specific recipes: bechamel, Bordelaise, hollandaise, Cumberland, apri-

cot, etc. Author was one of this century's finest chefs, originator of

vichyssoise and many other dishes. Index. 156pp. 5% x 8.

23663-3 Pa. $2.75

TOLL HOUSE TRIED AND TRUE RECIPES, Ruth Graves Wakefield.

Authentic recipes from the famous Mass. restaurant: popovers, veal and
ham loaf, Toll House baked beans, chocolate cake crumb pudding, much
more. Many helpful hints. Nearly 700 recipes. Index. 376pp. 5 3/8 x 8V2.

23560-2 Pa. $4.50
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AMERICAN BIRD ENGRAVINGS, Alexander Wilson et al. All 76 plates.

from Wilson's American Ornithology (1808-14), most important ornitho-

logical work before Audubon, plus 27 plates from the supplement ( 1825-33)

by Charles Bonaparte. Over 250 birds portrayed. 8 plates also reproduced

in full color. 111pp. 9% x 12 %. 23195-X Pa. $6.00

CRUICKSHANK'S PHOTOGRAPHS OF BIRDS OF AMERICA, Allan D.

Cruickshank. Great ornithologist, photographer presents 177 closeups,

groupings, panoramas, flightings, etc., of about 150 different birds. Ex-

panded Wings in the Wilderness. Introduction by Helen G. Cruickshank.

191pp. 8% x 11. 23497-5 Pa. $6.00

AMERICAN WILDLIFE AND PLANTS, A. C. Martin, et al. Describes

food habits of more than 1000 species of mammals, birds, fish. Special

treatment of important food plants. Over 300 illustrations. 500pp. 5% x 8^.
20793-5 Pa. $4.95

THE PEOPLE CALLED SHAKERS, Edward D. Andrews. Lifetime of

research, definitive study of Shakers: origins, beliefs, practices, dances,

social organization, furniture and crafts, impact on 19th-century USA,
present heritage. Indispensable to student of American history, collector.

33 illustrations. 351pp. 5% x 8Y2 . 21081-2 Pa. $4.50

OLD NEW YORK IN EARLY PHOTOGRAPHS, Mary Black. New York

City as it was in 1853-1901, through 196 wonderful photographs from

N.-Y. Historical Society. Great Blizzard, Lincoln's funeral procession,

great buildings. 228pp. 9 x 12. 22907-6 Pa. $8.95

MR. LINCOLN'S CAMERA MAN: MATHEW BRADY, Roy Meredith.

Over 300 Brady photos reproduced directly from original negatives,

photos. Jackson, Webster, Grant, Lee, Carnegie, Barnum; Lincoln; Battle

Smoke, Death of Rebel Sniper, Atlanta Just After Capture. Lively com-
mentary. 368pp. 83/8 x 11%. 23021-X Pa. $8.95

TRAVELS OF WILLIAM BARTRAM, William Bartram. From 1773-8,

Bartram explored Northern Florida, Georgia, Carolinas, and reported on

wild life, plants, Indians, early settlers. Basic account for period, enter-

taining reading. Edited by Mark Van Doren. 13 illustrations. 141pp.

5% x 8%. 20013-2 Pa. $5.00

THE GENTLEMAN AND CABINET MAKER'S DIRECTOR, Thomas
Chippendale. Full reprint, 1762 style book, most influential of all time;

chairs, tables, sofas, mirrors, cabinets, etc. 200 plates, plus 24 photographs

of surviving pieces. 249pp. 9% x 123/4 . 21601-2 Pa. $7.95

AMERICAN CARRIAGES, SLEIGHS, SULKIES AND CARTS, edited by
Don H. Berkebile. 168 Victorian illustrations from catalogues, trade journals,

fully captioned. Useful for artists. Author is Assoc. Curator, Div. of Trans-

portation of Smithsonian Institution. 168pp. 8% x 9%.
23328-6 Pa. $5.00
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THE PHILOSOPHY OF HISTORY, Georg W. Hegel. Great classic of

Western thought develops concept that history is not chance but a rational

process, the evolution of freedom. 457pp. 5% x 8Y2. 20112-0 Pa. $4.50

LANGUAGE, TRUTH AND LOGIC, Alfred J. Ayer. Famous, clear intro-

duction to Vienna, Cambridge schools of Logical Positivism. Role of phil-

osophy, elimination of metaphysics, nature of analysis, etc. 160pp.

5% x 8y2 . (Available in U.S. only) 20010-8 Pa. $2.00

A PREFACE TO LOGIC, Morris R. Cohen. Great City College teacher

in renowned, easily followed exposition of formal logic, probability, values,

logic and world order and similar topics; no previous background needed.

209pp. 5% x 8V2. 23517-3 Pa. $3.50

REASON AND NATURE, Morris R. Cohen. Brilliant analysis of reason and
its multitudinous ramifications by charismatic teacher. Interdisciplinary, syn-

thesizing work widely praised when it first appeared in 1931. Second
(1953) edition. Indexes. 496pp. 5% x 8Y2. 23633-1 Pa. $6.50

AN ESSAY CONCERNING HUMAN UNDERSTANDING, John Locke.

The only complete edition of enormously important classic, with authorita-

tive editorial material by A. C. Fräser. Total of 1176pp. 5% x 8%.
20530-4, 20531-2 Pa., Two-vol. set $16.00

HANDBOOK OF MATHEMATICAL FUNCTIONS WITH FORMULAS,
GRAPHS, AND MATHEMATICAL TABLES, edited by Milton Abramo-
witz and Irene A. Stegun. Vast compendium: 29 sets of tables, some to

as high as 20 places. 1,046pp. 8 x 10y2 . 61272-4 Pa. $14.95

MATHEMATICS FOR THE PHYSICAL SCIENCES, Herbert S. Wilf.

Highly acclaimed work offers clear presentations of vector spaces and
matrices, orthogonal functions, roots of polynomial equations, conformal

mapping, calculus of variations, etc. Knowledge of theory of functions of

real and complex variables is assumed. Exercises and solutions. Index.

284pp. 5% x 8y4 . 63635-6 Pa. $5.00

THE PRINCIPLE OF RELATIVITY, Albert Einstein et al. Eleven most
important original papers on special and general theories. Seven by Ein-

stein, two by Lorentz, one each by Minkowski and Weyl. All translated,

unabridged. 216pp. 5% x 8y2 . 60081-5 Pa. $3.50

THERMODYNAMICS, Enrico Fermi. A classic of modern science. Clear,

organized treatment of systems, first and second laws, entropy, thermody-

namic potentials, gaseous reactions, dilute solutions, entropy constant. No
math beyond calculus required. Problems. 160pp. 5% x 8Y2.

60361-X Pa. $3.00

ELEMENTARY MECHANICS OF FLUIDS, Hunter Rouse. Classic under-

graduate text widely considered to be far better than many later books.

Ranges from fluid velocity and acceleration to role of compressibility in

fluid motion. Numerous examples, questions, problems. 224 illustrations.

376pp. 5% x 8y4 . 63699-2 Pa. $5.00
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THE COMPLETE BOOK OF DOLL MAKING AND COLLECTING,
Catherine Christopher. Instructions, patterns for dozens of dolls, from rag

doll on up to elaborate, historically accurate figures. Mould faces, sew

clothing, make doll houses, etc. Also collecting information. Many illus-

trations. 288pp. 6x9. 22066-4 Pa. $4.50

THE DAGUERREOTYPE IN AMERICA, Beaumont Newhall. Wonderful

portraits, 1850's townscapes landscapes; full text plus 104 photographs.

The basic book. Enlarged 1976 edition. 272pp. 8y4 x liy4 .

23322-7 Pa. $7.95

CRAFTSMAN HOMES, Gustav Stickley. 296 architectural drawings, floor

plans, and photographs illustrate 40 different kinds of "Mission-style"

homes from The Craftsman (1901-16), voice of American style of simplicity

and organic harmony. Thorough coverage of Craftsman idea in text and

picture, now collector's item. 224pp. 8y8 x 11. 23791-5 Pa. $6.00

PEWTER-WORKING: INSTRUCTIONS AND PROJECTS, Burl N. Os-

born. & Gordon O. Wilber. Introduction to pewter-working for amateur
craftsman. History and characteristics of pewter; tools, materials, step-by-

step instructions. Photos, line drawings, diagrams. Total of 160pp.

7% x 103/4 . 23786-9 Pa. $3.50

THE GREAT CHICAGO FIRE, edited by David Lowe. 10 dramatic, eye-
witness accounts of the 1871 disaster, including one of the aftermath and
rebuilding, plus 70 contemporary photographs and illustrations of the

ruins—courthouse, Palmer House, Great Central Depot, etc. Introduction

by David Lowe. 87pp. 8Y4 x 11. 23771-0 Pa. $4.00

SILHOUETTES: A PICTORIAL ARCHIVE OF VARIED ILLUSTRA-
TIONS, edited by Carol Belanger Grafton. Over 600 silhouettes from the
18th to 20th centuries include profiles and full figures of men and women,
children, birds and animals, groups and scenes, nature, ships, an alphabet.
Dozens of uses for commercial artists and craftspeople. 144pp. 8% x 11 y4 .

23781-8 Pa. $4.50

ANIMALS: 1,419 COPYRIGHT-FREE ILLUSTRATIONS OF MAM-
MALS, BIRDS, FISH, INSECTS, ETC., edited by Jim Harter. Clear wood
engravings present, in extremely lifelike poses, over 1,000 species of ani-

mals. One of the most extensive copyright-free pictorial sourcebooks of its

kind. Captions. Index. 284pp. 9 x 12. 23766-4 Pa. $8.95

INDIAN DESIGNS FROM ANCIENT ECUADOR, Frederick W. Shaffer.

282 original designs by pre-Columbian Indians of Ecuador (500-1500 A.D.).

Designs include people, mammals, birds, reptiles, fish, plants, heads, geo-

metric designs. Use as is or alter for advertising, textiles, leathercraft, etc.

Introduction. 95pp. 8% x liy4 . 23764-8 Pa. $3.50

SZIGETI ON THE VIOLIN, Joseph Szigeti. Genial, loosely structured

tour by premier violinist, featuring a pleasant mixture of reminiscenes,

insights into great music and musicians, innumerable tips for practicing

violinists. 385 musical passages. 256pp. 5% x 8y4 . 23763-X Pa. $4.00
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YUCATAN BEFORE AND AFTER THE CONQUEST, Diego de Landa.
First English translation of basic book in Maya studies, the only significant

account of Yucatan written in the early post-Conquest era. Translated by
distinguished Maya scholar William Gates. Appendices, introduction, 4

maps and over 120 illustrations added by translator. 162pp. 5% x 8%.
23622-6 Pa. $3.00

THE MALAY ARCHIPELAGO, Alfred R. Wallace. Spirited travel account

by one of founders of modern biology. Touches on zoology, botany, ethnog-
raphy, geography, and geology. 62 illustrations, maps. 515pp. 5% x 8^.

20187-2 Pa. $6.95

THE DISCOVERY OF THE TOMB OF TUTANKHAMEN, Howard
Carter, A. C. Mace. Accompany Carter in the thrill of discovery, as ruined

passage suddenly reveals unique, untouched, fabulously rich tomb. Fascin-

ating account, with 106 illustrations. New introduction by J. M. White.
Total of 382pp. 5% x 8y2 . <Available in U.S. only) 23500-9 Pa. $4.00

THE WORLD'S GREATEST SPEECHES, edited by Lewis Copeland and
Lawrence W. Lamm. Vast collection of 278 speeches from Greeks up to

present. Powerful and effective models; unique look at history. Revised

to 1970. Indices. 842pp. 5% x 8V2 . 20468-5 Pa. $8.95

THE 100 GREATEST ADVERTISEMENTS, Julian Watkins. The priceless

ingredient; His master's voice; 99 44/100% pure; over 100 others. How
they were written, their impact, etc. Remarkable record. 130 illustrations.

233pp. 7% x 10 3/5. 20540-1 Pa. $5.95

CRUICKSHANK PRINTS FOR HAND COLORING, George Cruickshank.

18 illustrations, one side of a page, on fine-quality paper suitable for water-

colors. Caricatures of people in society (c. 1820) full of trenchant wit.

Very large format. 32pp. 11 x 16. 23684-6 Pa. $5.00

THIRTY-TWO COLOR POSTCARDS OF TWENTIETH-CENTURY
AMERICAN ART, Whitney Museum of American Art. Reproduced in

full color in postcard form are 31 art works and one shot of the museum.
Calder, Hopper, Rauschenberg, others. Detachable. 16pp. 8Y4 x 11.

23629-3 Pa. $3.00

MUSIC OF THE SPHERES: THE MATERIAL UNIVERSE FROM
ATOM TO QUASAR SIMPLY EXPLAINED, Guy Murchie. Planets, stars,

geology, atoms, radiation, relativity, quantum theory, light, antimatter,

similar topics. 319 figures. 664pp. 5% x 8%.
21809-0, 21810-4 Pa., Two-vol. set $11.00

EINSTEIN'S THEORY OF RELATIVITY, Max Born. Finest semi-technical

account; covers Einstein, Lorentz, Minkowski, and others, with much de-

tail, much explanation of ideas and math not readily available elsewhere

on this level. For student, non-specialist. 376pp. 5% x 8^2.

60769-0 Pa. $4.50
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"OSCAR" OF THE WALDORF'S COOKBOOK, Oscar Tschirky. Famous
American chef reveals 3455 recipes that made Waldorf great; cream of

French, German, American cooking, in all categories. Full instructions,

easy home use. 1896 edition. 907pp. 6% x 9%. 20790-0 Clothbd. $15.00

COOKING WITH BEER, Carole Fahy. Beer has as superb an effect on
food as wine, and at fraction of cost. Over 250 recipes for appetizers,

soups, main dishes, desserts, breads, etc. Index. 144pp. 5% x 8Vfe. (Avail-

able in U.S. only) 23661-7 Pa. $2.50

STEWS AND RAGOUTS, Kay Shaw Nelson. This international cookbook

offers wide range of 108 recipes perfect for everyday, special occasions,

meals-in-themselves, main dishes. Economical, nutritious, easy-to-prepare:

goulash, Irish stew, boeuf bourguignon, etc. Index. 134pp. 5% x 8%.
23662-5 Pa. $2.50

DELICIOUS MAIN COURSE DISHES, Marian Tracy. Main courses are

the most important part of any meal. These 200 nutritious, economical

recipes from around the world make every meal a delight. "I . . . have
found it so useful in my own household,"

—

N.Y. Times. Index. 219pp.

5% x 8%. 23664-1 Pa. $3.00

FIVE ACRES AND INDEPENDENCE, Maurice G. Kains. Great back-

to-the-land classic explains basics of self-sufficient farming: economics,

plants, crops, animals, orchards, soils, land selection, host of other neces-

sary things. Do not eonfuse with skimpy faddist literature; Kains was
one of America's greatest agriculturalists. 95 illustrations. 397pp. 5% x 8%.

20974-1 Pa. $3. 9 5

A PRACTICAL GUIDE FOR THE BEGINNING FARMER, Herbert

Jacobs. Basic, extremely useful first book for anyone thinking about moving
to the country and starting a farm. Simpler than Kains, with greater em-
phasis on country living in general. 246pp. 5% x 8%.

23675-7 Pa. $3.50

PAPERMAKING, Dard Hunter. Definitive book on the subject by the fore-

most authority in the field. Chapters dealing with every aspect of history

of craft in every part of the world. Over 320 illustrations. 2nd, revised and
enlarged (1947) edition. 672pp. 5% x 8%. 23619-6 Pa. $7.95

THE ART DECO STYLE, edited by Theodore Menten. Furniture, jewelry,

metalwork, ceramics, fabrics, lighting fixtures, interior decors, exteriors,

graphics from pure French sources. Best sampling around. Over 400
photographs. 183pp. 8% x 11%. 22824-X Pa. $6.00

ACKERMANN'S COSTUME PLATES, Rudolph Ackermann. Selection of

96 plates from the Repository of Arts, best published source of costume
for English fashion during the early 19th century. 12 plates also in color.

Captions, glossary and introduction by editor Stella Blum. Total of 120pp.
8% x 11%. 23690-0 Pa. $4.50
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TONE POEMS, SERIES II: TILL EULENSPIEGELS LUSTIGE
STREICHE, ALSO SPRACH ZARATHUSTRA, AND EIN HELDEN-
LEBEN, Richard Strauss. Three important orchestral works, including very

popular Till Eulenspiegel's Marry Pranks, reproduced in full score from
original editions. Study score. 315pp. 9% x 12 V4. (Available in U.S. only)

23755-9 Pa. $8.95

TONE POEMS, SERIES I: DON JUAN, TOD UND VERKLARUNG
AND DON QUIXOTE, Richard Strauss. Three of the most often per-

formed and recorded works in entire orchestral repertoire, reproduced in

full score from original editions. Study score. 286pp. 9% x 12%. (Avail-

able in U.S. only) 23754-0 Pa. $7.50

11 LATE STRING QUARTETS, Franz Joseph Haydn. The form which
Haydn defined and "brought to perfection." (Grove's). 11 string quartets

in complete score, his last and his best. The first in a projected series of

the complete Haydn string quartets. Reliable modern Eulenberg edition,

otherwise difficult to obtain. 320pp. 8% x 11%. (Available in U.S. only)

23753-2 Pa. $7.50

FOURTH, FIFTH AND SIXTH SYMPHONIES IN FULL SCORE, Peter

Ilyitch Tchaikovsky. Complete orchestral scores of Symphony No. 4 in

F Minor, Op. 36; Symphony No. 5 in E Minor, Op. 64; Symphony No. 6

in B Minor, "Pathetique," Op. 74. Bretikopf & Hartel eds. Study score.

480pp. 9% x 12%. 23861-X Pa. $10.95

THE MARRIAGE OF FIGARO: COMPLETE SCORE, Wolfgang A.

Mozart. Finest comic opera ever written. Full score, not to be confused

with piano renderings. Peters edition. Study score. 448pp. 9% x 12%.
(Available in U.S. only) 23751-6 Pa. $11.95

"IMAGE" ON THE ART AND EVOLUTION OF THE FILM, edited by
Marshall Deutelbaum. Pioneering book brings together for first time 38
groundbreaking articles on early silent films from Image and 263 illustra-

tions newly shot from rare prints in the collection of the International

Museum of Photography. A landmark work. Index. 256pp. 8% x 11.

23777-X Pa. $8.95

AROUND-THE-WORLD COOKY BOOK, Lois Lintner Sumption and
Marguerite Lintner Ashbrook. 373 cooky and frosting recipes from 28
countries (America, Austria, China, Russia, Italy, etc.) include Viennese
kisses, rice wafers, London strips, lady fingers, hony, sugar spice, maple
cookies, etc. Clear instructions. All tested. 38 drawings. 182pp. 5% x 8.

23802-4 Pa. $2.50

THE ART NOUVEAU STYLE, edited by Roberta Waddell. 579 rare

photographs, not available elsewhere, of works in jewelry, metalwork, glass,

ceramics, textiles, architecture and furniture by 175 artists—Mucha, Seguy,
Lalique, Tiffany, Gaudin, Hohlwein, Saarinen, and many others. 288pp.
8% x liy4 . 23515-7 Pa. $6.95
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THE AMERICAN SENATOR, Anthony Trollope. Little known, long un-

available Trollope novel on a grand scale. Here are humorous comment
on American vs. English culture, and stunning portrayal of a heroine/

villainess. Superb evocation of Victorian village life. 561pp. 5% x 8*&.

23801-6 Pa. $6.00

WAS IT MURDER? James Hilton. The author of Lost Horizon and Good-
bye, Mr. Chips wrote one detective novel (under a pen-name) which was
quickly forgotten and virtually lost, even at the height of Hilton's fame.

This edition brings it back—a finely crafted public school puzzle resplen-

dent with Hilton's stylish atmosphere. A thoroughly English thriller by
the creator of Shangri-la. 252pp. 5% x 8. (Available in U.S. only)

23774-5 Pa. $3.00

CENTRAL PARK: A PHOTOGRAPHIC GUIDE, Victor Laredo and
Henry Hope Reed. 121 superb photographs show dramatic views of

Central Park: Bethesda Fountain, Cleopatra's Needle, Sheep Meadow, the

Blockhouse, plus people engaged in many park activities: ice skating, bike

riding, etc. Captions by former Curator of Central Park, Henry Hope
Reed, provide historical view, changes, etc. Also photos of N.Y. landmarks

on park's periphery. 96pp. 8*/2 x 11. 23750-8 Pa. $4.50

NANTUCKET IN THE NINETEENTH CENTURY, Clay Lancaster. ISO

rare photographs, stereographs, maps, drawings and floor plans recreate

unique American island society. Authentic scenes of shipwreck, light-

houses, streets, homes * are arranged in geographic sequence to provide

walking-tour guide to old Nantucket existing today. Introduction, captions.

160pp. 8y8 x 113/4 . 23747-8 Pa. $6.95

STONE AND MAN: A PHOTOGRAPHIC EXPLORATION, Andreas

Feininger. 106 photographs by Life photographer Feininger portray man's

deep passion for stone through the ages. Stonehenge-like megaliths, forti-

fied towns, sculpted marble and crumbling tenements show textures, beau-

ties, fascination. 128pp. 9y4 x 103/4 . 23756-7 Pa. $5.95

CIRCLES, A MATHEMATICAL VIEW, D. Pedoe. Fundamental aspects

of college geometry, non-Euclidean geometry, and other branches of mathe-

matics: representing circle by point. Poincare model, isoperimetric prop-

erty, etc. Stimulating recreational reading. 66 figures. 96pp. 5% x 8*4.

63698-4 Pa. $2.75

THE DISCOVERY OF NEPTUNE, Morton Grosser. Dramatic scientific

history of the investigations leading up to the actual discovery of the

eighth planet of our solar system. Lucid, well-researched book by well-

known historian of science. 172pp. 5% x 8V2 . 23726-5 Pa. $3.50

THE DEVIL'S DICTIONARY. Ambrose Bierce. Barbed, bitter, brilliant

witticisms in the form of a dictionary. Best, most ferocious satire America

has produced. 145pp. 53/8 x 8Y2 . 20487-1 Pa. $2.25
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THE CURVES OF LIFE, Theodore A. Cook. Examination of shells, leaves,

horns, human body, art, etc., in "the classic reference on how the golden

ratio applies to spirals and helices in nature .... "—Martin Gardner.

426 illustrations. Total of 512pp. 5% x 8V2 . 23701-X Pa. $5.95

AN ILLUSTRATED FLORA OF THE NORTHERN UNITED STATES
AND CANADA, Nathaniel L. Britton, Addison Brown. Encyclopedic work
covers 4666 species, ferns on up. Everything. Full botanical information,

illustration for each. This earlier edition is preferred by many to more
recent revisions. 1913 edition. Over 4000 illustrations, total of 2087pp.

6Ya x 9y4 . 22642-5, 22643-3, 22644-1 Pa., Three-vol. set $25.50

MANUAL OF THE GRASSES OF THE UNITED STATES, A. S. Hitch-

cock, U.S. Dept. of Agriculture. The basic study of American grasses,

both indigenous and escapes, cultivated and wild. Over 1400 species. Full

descriptions, information. Over 1100 maps, illustrations. Total of 1051pp.

5% x SVz. 22717-0, 22718-9 Pa., Two-vol. set $15.00

THE CACTACEAE,, Nathaniel L. Britton, John N. Rose. Exhaustive,

definitive. Every cactus in the world. Full botanical descriptions. Thorough

statement of nomenclatures, habitat, detailed finding keys. The one book

needed by every cactus enthusiast. Over 1275 illustrations. Total of 1080pp.

8 x 10y4. 21191-6, 21192-4 Clothbd., Two-vol. set $35.00

AMERICAN MEDICINAL PLANTS, Charles F. Millspaugh. Full descrip-

tions, 180 plants covered: history; physical description; methods of prepa-

ration with all chemical constituents extracted; all claimed curative or

adverse effects. 180 full-page plates. Classification table. 804pp. 6V2 x 9Y4.
23034-1 Pa. $12.95

A MODERN HERBAL, Margaret Grieve. Much the fullest, most exact,

most useful compilation of herbal material. Gigantic alphabetical encyclo-

pedia, from aconite to zedoary, gives botanical information, medical prop-

erties, folklore, economic uses, and much else. Indispensable to serious

reader. 161 illustrations. 888pp. 6V2 x 9^4. (Available in U.S. only)

22798-7, 22799-5 Pa., Two-vol. set $13.00

THE HERBAL or GENERAL HISTORY OF PLANTS, John Gerard.

The 1633 edition revised and enlarged by Thomas Johnson. Containing

almost 2850 plant descriptions and 2705 superb illustrations, Gerard's

Herbal is a monumental work, the book all modern English herbals are

derived from, the one herbal every serious enthusiast should have in its

entirety. Original editions are worth perhaps $750. 1678pp. 8^2 x 12*4.

23147-X Clothbd. $50.00

MANUAL OF THE TREES OF NORTH AMERICA, Charles S. Sargent.

The basic survey of every native tree and tree-like shrub, 717 species in

all. Extremely full descriptions, information on habitat, growth, locales,

economics, etc. Necessary to every serious tree lover. Over 100 finding

keys. 783 illustrations. Total of 986pp. 5% x 8y2 .

20277-1, 20278-X Pa., Two-vol. set $11.00
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GEOMETRY, RELATIVITY AND THE FOURTH DIMENSION, Rudolf

Rucker. Exposition of fourth dimension, means of visualization, concepts

of relativity as Flatland characters continue adventures. Popular, easily

followed yet accurate, profound. 141 illustrations. 133pp. 5% x 8^.
23400-2 Pa. $2.75

THE ORIGIN OF LIFE, A. I. Oparin. Modern classic in biochemistry, the

first rigorous examination of possible evolution of life from nitrocarbon com-
pounds. Non-technical, easily followed. Total of 295pp. 5% x 8y2.

60213-3 Pa. $4.00

PLANETS, STARS AND GALAXIES, A. E. Fanning. Comprehensive in-

troductory survey: the sun, solar system, stars, galaxies, universe, cosmology;
quasars, radio stars, etc. 24pp. of photographs. 189pp. 5% x 8V2. (Avail-

able in U.S. only) 21680-2 Pa. $3.75

THE THIRTEEN BOOKS OF EUCLID'S ELEMENTS, translated with
introduction and commentary by Sir Thomas L. Heath. Definitive edition.

Textual and linguistic notes, mathematical analysis, 2500 years of critical

commentary. Do not confuse with abridged school editions. Total of 1414pp.
5% x 8Y2. 60088-2, 60089-0, 60090-4 Pa, Three-vol. set $18.50

Prices subject to change without notice.

Available at your book dealer or write for free catalogue to Dept. GI, Dover
Publications, Inc., 180 Varick St., N.Y, N.Y. 10014. Dover publishes more
than 175 books each year on science, elementary and advanced mathematics,

biology, music, art, literary history, social sciences and other areas.
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DOVER BOOKS ON
PHYSICS AND CHEMISTRY

Electron Paramagnetic Resonance of Transition Ions, A. Abragam and
B. Bleaney. (65106-1) $17.95

The Special Theory of Relativity, J. Aharoni. (64870-2) $8.00

Ultrasonic Absorption, A. B. Bhatia. (64917-2) $8.95

Semiconductor Statistics, J. S. Blakemore. (65362-5) $9.95

Ellipsoidal Figures of Equilibrium, S. Chandrasekhar. (65258-0) $7.95

Magnetism and Metallurgy of Soft Materials, Chin-Wen Chen.
(64997-0) $12.95

Non-Equilibrium Thermodynamics, S. R. DeGroot and P. Mazur.
(64741-2) $10.95

The Physics of Waves, William C. Elmore and Mark A. Heald.

(64926-1) $9.95

States of Matter, David L. Goodstein. (64927-X) $9.95

An Introduction to Statistical Thermodynamics, Terrell L. Hill.

(65242-4) $10.95

Statistical Mechanics, Terrell L. Hill. (65390-0) $9.95

The Functions of Mathematical Physics, Harry Hochstadt.

(65214-9) $8.95

Theoretical Solid State Physics, William Jones and Norman H. March.
(65015-4, 65016-2) Two-volume set $12.50 each

Methods of Quantum Field Theory in Statistical Physics, A.A.
Abrikosov, et al. (63228-8) $7.00

Electrodynamics and the Classical Theory of Fields and Particles, A.

O. Barut. (64038-8) $5.50

Electromagnetic Fields and Interactions, Richard Becker.

(64290-9) $13.95

Introduction to the Theory of Relativity, Peter Gabriel Bergmann.
(63282-2) $6.50

Hydrodynamic and Hydromagnetic Stability, S. Chandrasekhar.

(64071-X) $11.95

The Classical Electromagnetic Field, Leonard Eyges. (63947-9) $8.95

Thermodynamics, Enrico Fermi. (6036 1-X) $4.50

The Physical Principles of the Quantum Theory, Werner Heisenberg.

(601 13-7) $4.50

Paperbound unless otherwise indicated. Prices subject to change without

notice. Available at your book dealer or write for free catalogues to Dept.

23, Dover Publications, Inc., 31 East 2nd Street, Mineola, N.Y. 11501.

Please indicate field of interest. Each year Dover publishes over 200 books

on fine art, music, crafts and needlework, antiques, languages, literature,

children's books, chess, cookery, nature, anthropology, science,

mathematics, and other areas.

Manufactured in the U.S.A.



Precious Stones
Max Bauer

This classic work in precious stones has long served as the standard work
in its field and has been called "the most detailed work on gems" by the
Encyclopaedia Britannica. Amateur mineral hobbyists as well as professional

gem and jewelry dealers will find here a wealth of information on all aspects

of gemmology, from assembling collections to cutting and polishing stones.

The first volume begins with a discussion of the general characteristics and
applications of gem minerals, how they are cut, how faults and counterfeits

are detected, how the value of a gem is determined, etc. Then, each type of

precious stone is discussed thoroughly, beginning with nearly 150 pages on
the diamond. Volume II covers 53 additional gem minerals and dozens of

varieties, including corundum, spinel, chrysoberyl, beryl, topaz, garnet, opal,

turquoise, feldspar, and quartz. Professor Bauer provides detailed information
on the chemical composition of each stone, its hardness, color variations and
lustre, distribution and occurrence, types of rock in which the gem is found,
how it is mined, and much more. He also relates many of the stories and
legends connected with individual stones which are famous for their size or
historical associations. Of special interest is a 20-page section giving precise
instructions for distinguishing between precious stones with similar appear-
ances and for detecting imitations. An extensive appendix covers coral and
pearls.

The book was translated from the original German by L. J. Spencer, late

editor of Mineralogical Abstracts and Mineralogical Magazine. A new Fore-
word and Addenda have been prepared by Dr. Edward Olsen, Curator of
Mineralogy at the Field Museum of Natural History in Chicago.

Unabridged, corrected republication, in two volumes, of the 1st (1904) English
translation. 8 color plates, 12 black and white plates. 94 figures. Volume I:

xxi + 260 pp. of text. Volume II: xi -}- 366pp. of text. 6i/s x 914.

21911-9 Paperbound

A DOVER EDITION DESIGNED FOR YEARS OF USE!

We have made every effort to make this the best book possible. Our paper is

opaque, with minimal show-through; it will not discolor or become brittle with age.

Pages are bound in signatures, in the method traditionally used for the best books,
and will not drop out. Books open flat for easy reference. The binding will not crack
or split. This is a permanent book.
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